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SUMMARY OF COMPONENT CHANGES BY SERVICE SHEET 


P-., NOTE | 
| .The information in each column is in following order: Service Sheet, | 
| Reference Designation, and Change Number or Errata (E). | 
| | 


| © heap (6) | 22. Gog) | 40 (A4A9) 

| | R8 (16) | cro. (17) 
| D ae . (6) | R9 (16) | R60 (9) 
! | | Rl (9) 
ee, eee eee er | R62 (9) 
| | R3 (6) | u9 7h 
| 6 agte (10) | RS (6) | | 
| cl (13) | R? (6) | 42 (a5A4) | 
| C7 (oy | C6 (E) | 
! C14 (10) | 30  (Agad) ! | 
| DL (10) | -€26,28 (14) «| 43 (AAS) | 
| R? (3) | C36,38 © (14) RI-R6 (16) 

| R29,30,31 (10) | R49 (Ee) | | 
! v2 (10) | | 44 (A582) | 
| VL (10) | 32 (A4A3) (15) | R13-R18 (16) 

| | L4, L6 (15) | R19-R21 (16) | 
| 7 Azae = (10) | | r 
| | 33 asda (4) | 45 (ABAL) | Oe 
| 11 Al1Al (5) | CR3 (17) | R1-R12 (16) | 
| | R9, RIO (16) | | 
| 16 ~ (aza2) | U5 (17) | 50 (A386) | 
| .cR6 (7) | | R1,R3,RA | 
| US (17) | 34 (AgAL) | R7,R8, | 
| | L8 (15) | R10,R11 | 
(er oe en) | R14,R15, | 
| | 36 (A3AL) | R20,R21, | 
| A8A4 (7,2) 4] R17 (E) | R24,R25, | 
cll 7 | ; | R27,R28, | 
| C28 (7) -| 37 haar) “| R30 (16) | 
| CRA | C25 | | 
| RY mi | C26 (E) | 52 (A3A9) | 
| v2 | C38 (Ee) | Ls (Ee) | 
| VR1 (7) | CR2 CE?) | L7 (E) 

| ! U8 (17) | L8 (E) 

| 19 (A6AL) | | | 
| R46 | 39  (AdA6) | 57 (A782) | 
| | Ré (E) | Pe a.) 
| 20 A6as = (6)_—s | an ay -< 
| R78,79 (6) | | Q% ay 
| R80 6) | | | 
| 
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ov: ERRATA 


Page 7-16, CHANGE D: 
Service Sheet 34 (Schematic): ; 
Change entry for C59 to read "Remove capacitor C59, 100 pF, between R19 
and ground." 

Page 7-17, CHANGE G: 
Service Sheet 51 (Schematic): 
Add following entry "Remove asterisk (*) from R5 and change typical 
value to 6180 ohms. 

Page 7-18, CHANGE M: 
Service Sheet 39 (Schematic): 
Change value of C24 to 10 pF. 
Change entry for attenuator network to read "Remove attenuator network 
consisting of R56*, R57*, and R58* from between junction of L4 and C24 
and pin 1 of U2. 
Service Sheet 55 (Schematic): 

Change entry for R14 and C7 to read "Add R14, 5.6 ohms and C7, 
0.056 uF in series across T3 pins 5 and 7. 

Page 7-25, CHANGE S: 
Service Sheet 5 (Schematic): 
Add following entries: 
In table entitled "Integrated Circuit Part Numbers", change part number 
of U10 to 08662-80015 and Ull to 0852-80016. 
In table entitled "Reference Designations" under A2A5, change Cl1-9 to 
read "Cl1-7" and R1-5 to read "R1-3". 

& In table entitled "Integrated Circuit Voltage and Ground Connections", 

change U1-3, 10 to read "U1-3" and Ull to read "U10, 11". 

Page 8-313, Service Sheet 6: ; 
A2A6C1; For recommended replacement, refer to CHANGE 13. 
A2A6R7; For recommended replacement, refer to CHANGE 13. 


Page 8-333, Service Sheet 16: 
A2A2U7; For recommended replacement, refer to CHANGE 17. 


Page 8-335, Service Sheet 17 (Schematic): 
In lower right-hand corner of schematic, change Service Sheet numbers 
associated with off-page connectors AY and AZ (START/STOP and SPAN 
respectively) from 1 to 2. 

Page 8-402, Service Sheet 18 (Component Locator): 
Replace Figure 8-401 with attached A8A4 Reference Buffer Component 
Locations. 


Page 8-405, Service Sheet 19 (Schematic): 
Change typical value of R46* to 42.2 ohms. 


Page 8-410, Service Sheet 22: 
AOAIR8 and RY; For recommended replacement refer to CHANGE 16. 


Page 8-503, Service Sheet 30 (S~hematic): 
Change value of R49 to 46.4 ohms. 
A4A4C26, C28, C36, C38; For recommended replacement, refer to 
CHANGE 14. 
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ERRATA (cont’d) 


Page 8-507, Figure 8-509, Service Sheet 32 (Schematic--A4A3): “~@ 
A4A3L4 and L6; For recommended replacement, refer to CHANGE 15. 
>> At 2db pad delete R25 keeping an open circuit between pins 6 and 3. 
>> At 2db pad add R25(12.lohms) between pins 7 and 2. 
>> At 4db pad delete R30 keeping an open circuit between pins 6 and 3. 
>> At 4db pad add R30(23.7ohms) between pins 7 and 2. 
>> At 8db pad delete R35 keeping an open circuit between pins 6 and 3. 
>> At 8db pad add R35(56.2ohms) between pins 7 and 2. 
Page 8-509, Service Sheet 33: 
A4A2R9 and R10; For recommended replacement, refer to CHANGE 16. 
A4A2U5; For recommeded replacement, refer to CHANGE 17. 


Page 8-511, Service Sheet 34: 
A4A1L8; For recommended replacement, refer to CHANGE 15. 


Page 8-513, Service Sheet 35 (Schematic): 
In lower left-hand portion of schematic, upper end of R55 is shown 
connected to +5.2V. Change this value to +5V. 
>> Page 8-514, Figure 8-519 (Component Locator): 
On Figure 8-519. Reverse Power Driver Component Locations, C9 is 
located below C6 and between R15 and Ql. 


Page 8-515, Service Sheet 36 (Schematic): 
Add an asterisk (*) to R17 and change its typical value to 51.1k. 


Page 8-517, Figure 8-524, Service Sheet 37 (Schematic--A4A7): 

>> In AGC Loop Gain Amplifier change Jumper Wire note to (note 2). 
Change value of C25* to 0.022 uF. 
Delete value shown for C38* (0.022 uF). 
Change value of C26* to 0.015 uF. & 
A4A7U8; For recommended replacement, refer to CHANGE 17. 

>> Page 8-519, Figure 8-529, Service Sheet 38 : 

In INTEGRATED CIRCUIT VOLTAGE AND GROUND CONNECTIONS table change U6 to 
+5v(F2). 

Page 8-521, Figure 8-532, Service Sheet 39 (Schematic--A4A6): 

>> Change value of R4* to 5.62K. 

>> Change value of R7* to 5.11K. 

>> Change value of R29* to 3.83K. 

>> Change value of R32* to 2.87K. 
Change typical value of R4* to 5.11k. 


Page 8-523, Service Sheet 40: 
A4A9U9; For recommended replacement, refer to CHANGE 17.>> Page 8-627, 


Figure 8-644, Service Sheet 53 (Schematic--A3Al10): 
Change value of C9 to 110pf. 


>> Page 8-637, Figure 8-658, Service Sheet 57 (Schematic--A7A2): 
Change value of R37 to 21.5K ohms. 


Page 8-603, Service Sheet 41 (Schematic): 
Add an asterisk (*) to C6 and change its typical value to 470 pF. 


Page 8-606, Service Sheet As 
A5A5R1-R6; For recommended replacement, refer to CHANGE 16. 


Page 8-608, Service Sheet 44: 
A5A2R13-R18; For recommended replacement, refer to CHANGE 16. 


A5A2R19-R21; For recommended replacement, refer to CHANGE 16. 
Page 8-610, Service Sheet 45: 


A5A1R1-R12; For recommended replacement, refer to CHANGE 16. 
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ERRATA (cont’d) 
& Page 8-615, Service Sheet 47: 


A3A3R1-R8; For recommended replacement, refer to CHANGE 16. 
Page 8-620, Service Sheet 50: 
A3A6R1, R4, R8, R11, R15, R21, R25, and R28; For recommended 
replacement, refer to CHANGE 16. 
A3A6R14; For recommended replacement, refer to CHANGE 16. 
A3A6R3, R7, R1O, R20, R24, R27, and R30; For recommended replacement, 
refer to CHANGE 16. 
Page 8-625, Service Sheet 52 (Schematic): 
Change values of L5 and L7 to 68 nH. 
Change value of L8 to 51 nH. 
Page 8-631, Service Sheet 55 (Schematic). 
At far left-hand edge of schematic, change wire color code given for 
upper conductor of W57 (connected to 115V side of S2) from "1" to "0". 
Page 8-637, Service Sheet 57 (Schematic): 
Under reference designator for Q4 add "(NOTE 2)". 
Add following to NOTES: 
"2, If Q4 is replaced, a ferrite bead (El) should be added to its base." 
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CHANGES 1-3: 
Changes 1-3 do not apply directly to Volume 2. 


CHANGE 4 


Page 8-219, Service Sheet E (Block Diagrams): 


In Block Diagram 33, add an amplifier symbol (that is, ) in series 
with line running from FILTER TUNING D/A CONVERTER to bandpass filter in 
A4U3 MODULATOR. Label this amplifier MODULATOR-FILTER TRACKING 
AMPLIFIER. 

Page 8-508, Service Sheet 33 (Principles of Operation): 
Replace two paragraphs and NOTE entitled Filter Tuning D/A Converter 
with following: 


Filter Tuning Circuitry 


The tune voltages for two voltage-tuned filters, one in 
Doubler-Filter U2 and other in Modulator-Filter U3, are developed by 
ROM U4 and D/A Converter U5 working in conjunction with 
Doubler-Filter Tracking Amplifier UlA and Modulator-Filter Tracking 
Amplifier U1B. 

Information for automatic correction of tuning curves for each of 
voltage-tuned filters is stored in ROM U4. This information is used 
to determine which frequencies will be passed or rejected by two 
voltage-tuned filters. Each filter can be programmatically advanced 
in 2 MHz steps from 640 MHz to 1280 MHz. The actual frequency 
selection signals that address data stored in ROM come from DCU. The 
ROM output is enabled at same time as doubler in U2. Although 
addresses that select ROM outputs to D/A Converter cannot be listed 
in a truth table, ROM address lines can be incremented by placing 
instrument in sweep mode. Verification can be made by stepping 
frequency in 2 MHz increments from 640 MHz to 1280 MHz while 
monitoring doubler band output on a spectrum analyzer at J2. It 
should be noted that frequency will still increment even if filter is 
not working. 


he dede dee dedededeadad 


CAUTION | 


Zi\ | CAUTION | 

The output of J2 is at a de level of about +12 
Vde. Some spectrum analyzers are de coupled and 
cannot be connected directly to this output. If 
input of spectrum analyzer is de coupled, a 
blocking capacitor adapter must be used in series 
with input or damage will occur. 


Model 8662A 08662-90062 


CHANGE 4 (cont’d) 


L Page 8-508, Service Sheet 33 (Principles of Operation) (cont’d): 


NOTE 
Anytime either one or both of microcircuits U2 or 
U3 are replaced, a new ROM U4 must also be 
replaced. Any non-linearities that exist within 
two microcircuits are accounted for when ROM is 
programmed. The data stored in ROM is unique to 
two microcircuits, therefore, a new ROM must be 
programmed whenever either microcircuit is 
replaced. 


Transistor Q3 forms a constant referen... voltage source which can be 
adjusted by DOUBLER-FILTER TRACKING HIGH pot R29. This source 
provides voltage reference to D/A Converter U5 which determines 
maximum frequency pass band of voltage-tuned filter in Doubler-Filter 
U2. The ROM output is used by D/A Converter to attenuate this 
reference voltage and _coduce a current which will track tuning 
curves of voltage-tuned filters. 


This current is coupled to input of Doubler-Filter Tracking Amplifier 
U1A where it is converted into tune voltage for voltage-tuned filter 
in Doubler-Filter U2. The DOUBLER-FILTER TRACKING LOW pot R40 sets 
lower limit for this tune voltage. 


& The tune voltage from Doubler-Filter Tuning Amplifier U1A is also 
coupled to input of Modulator-Filter Tracking Amplifier U1B. The 
MODULATOR-FILTER TRACKING LOW pot R56 sets lower limit for tune 
voltage to voltage-tuned filter in Modulator-Filter U3, while 
MODULATOR-FILTER TRACKING HIGH pot R58 sets upper limit. 


Page 8-508, Service Sheet 33 (Component Locations): 
Replace Figure 8-510 with attached A4A2 Component Locations. 


Page 8-509, Service Sheet 33 (Block Diagrams): 
In lower block diagram, add an amplifier symbol (that is, -|>- ) in 
series with line running from FILTER TUNING D/A CONVERTER to bandpass 
filter in MODULATOR-FILTER. Label this amplifier MODULATOR-FILTER 
TRACKING AMPLIFIER. 
Page 8-509, Service Sheet 33 (Schematic): 
Replace uppropriate potion of schematic with attached par tial 
schematic. 
In NOTE 2, change part number of exchange PC board to 08662-60309, and 
delete second sentence regarding partial PC board. 
In table entitled "Reference Designations" under A4A2, change Cl--18, 
23--25, 27-29, 31==33;,, 35 toi read Cl--18)) 23-=-25, 27--295 31==33), 
35--38; change R1--55 to read R1--51, 53, 54, 56--62; and change TP1--9 
to read TP1--10. 
In table entitled "Transistor and Integrated Circuit Part Numbers", 
change part number of Ul to 1826-0547. 
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CHANGE 5 


Page 8-323, Service Sheet 11 (Schematic): 
Change AlAl READOUT BOARD part number to 08662-60307. 


CHANGE 6 


Page 8-215, Service Sheet C (Block Diagram): 
Change power level at A6A3J4 to -6 dBm. 


Page 8-217, Service Sheet D (Block Diagram): 
Change power level at AGA6J2 to -6 dBm. 


Page 8-407, Service Sheet 20 (Schematic): 
Change part number for A6A3 assembly to 08662-60314. 
Change value of R78 to 316 ohm. 
_ Add two resistors (R79 and R80) in conjunction with R78 to form a 3 dB 
Pad. Refer to P/O Schematic 20, A6A3 HF Multiplier (P/O Change 6). 
Page 8-413, Service Sheet 23 (Schematic): 
Change value of R3 and R7 to 316 ohn. 
Change value of R5 to 17.8 ohm. 
Change value shown for pad consisting of R3, R5, and R7 to 3 GB. 
Change power level at J2 to -6 dBm. 


CHANGE 7 


Page 8-402, Service Sheet 18 (Component Locations): 
Replace Figure 8-401 with attached A8A4 Component Locations. 


Page 8-403, Service Sheet 18 (Schematic): 
Change part number of A8A4 assembly to 08662-60306. 
Replace appropriate portion of schematic with attached 
partial schematic. 
In table entitled "Reference Designations" under A8A4, change Cl--12, 
14--25, 27, to read Cl--12, 14--25, 27, 28; change CR1--3 to read 
CR1-=4; change Rl--11, 13--42 to read R1--8, 10, 11, 13--42; change Ul 
to read Ul, 2; and delete VRI1. 
In table entitled "Transistor and Integrated Circuit Part Numbers," add 
U2 with part number 1826-0275. 
Page 8-637, Service Sheet 57 (Schematic): 
Add capacitor A7A2C34, 0.01 uF, in parallel with C3. 
Add Capacitor A7A2C35, 0.01 uF, in parallel with C18. 
In table entitled "Reference Desigations" under A7A2, change Cl1--33 to 
read C1--35. 


CHANGE 8 


Page 8-102, Paragraph 8-10: 


Add following sentences before last sentence in paragraph 8-10. "The 
Operating & Service Manual for A8A3 10 MHz Reference Oscillator, part no. 
10811A, is included with each service accessory kit to provide field 
service and repair information for oscillator. This manual may be ordered 
separately with part no. 10811-90002." 


Page 8-403, Service Sheet 18 (Schematic): 
Change part number of A8A3 assembly to 108114. 
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CHANGE 9 


Page 8-523, Service Sheet 40 (Schematic): 
Change value of R60 to 900 ohm. 


Delete R61 and connect R60 to R62. 
In table entitled "Reference Designations" under A4A9, change R1--84 to 
read R1--60, 62--84. 


CHANGE 10 


Page 8-312, Service Sheet 6 (Component Locations): 
Replace Figure 8-316 with attached A2A6 Component Locations. 


Page 8-313, Service Sheet 6 (Schematic): 

Change part number of A2A6 assembly to 08662-60315. 

Replace appropriate portion of schematic with attached partial 
schematic. 

- In table entitled "Reference Designations" under A2A6: 

Change Cl1-12, 14 to read Cl-6, 8-12; 

Add DL1; 

Change R1-29 to read R1-28, 30, 31; 

Change Ul; 2, 4-13), 235 24 to read Ul; 4-13, 23), 24; 

Delete VR1. 

In table entitled "Integrated Circuit Part Numbers," change part number 
of Ul to 1820-2369 and delete U2 part number. 

In table entitled "Integrated Circuit Voltage and Ground Connections," 
change pin numbers associated with Ul to read +5V -11, 14--16; \/ -1, 8, 9; 
and NC -10, 12, 13. Also change U2, 4, 9--12 to read U4, 9--12. 


Page 8-314, Service Sheet 7 (Component Locations): 
Replace Figure 8-319 with attached A2A6 Component Locations. 


- Page 8-315, Service Sheet 7 (Schematic): 


Change part number of A2A6 assembly to 08662-60315. 
CHANGE 11 
Change 11 does not apply directly to Volume 2. 
CHANGE 12 
Change 12 does not apply directly to Volume 2. 


CHANGE 13 


Page 8-313, Service Sheet 6: 
Change value of A2A6Cl to 2.2uF. 


Change value of A2A6R7 to 121K ohms. 


CHANGE 14 


Page 8-503, Service Sheet 30: 
Change A4A4C26 and A4A4C36 to 16 pF. 


Change A4A4C28 and A4A4C38 to 29 pF. 
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CHANGE 15 

Change 15 does not apply directly to Volume 2. 
CHANGE 16 

Change 16 does not apply directly to Volume 2. 


CHANGE 17 


Page 8-507, Service Sheet 32: 
Change values of A4A3L4 and L6 to 630 uH. 


Page 8-511, Service Sheet 34: 
Change value of A4A1L8 to 630 uH. 


CHANGE 18 


Page 8-410, Service Sheet 22: 
Change values of AGAIR8 and RY to 196 ohms. 


’ Page 8-508, Service Sheet 33: 
Change values of A4A2R9 and R10 to 562 ohms. 


Page 8-606, Service Sheet 43: 
Change values of A5A5R1-R6 to 178 ohms. 


Page 8-608, Service Sheet 44: 
Change values of A5A2R13-R18 to 348 ohms. 
Change values of A5A2R19-R21 to 681 ohms. 


Page 8-610, Service Sheet 45: 
Change values of A5A1R1-R12 to 348 ohms. 


>> Page 8-615, Service Sheet 47: 
Change values of A3A3R1-R8 to 178 ohms. 


Page 8-620, Service Sheet 50: 
Change values of A3A6R1, R4, R8, R11, R15, R21, R25, and 
R28 to 909 ohms. 
Change value of A3A6R14 to 681 ohms. 
Change values of A3A6R3, R7, R10, R20, R24, R27, and 
R30 to 2.37K ohms. 


CHANGE 19 


Page 8-333, Service Sheet 16: 
Delete A2A2CR6. 


In Transistor and Integrated Circuit Part Numbers table, 
change U5 to part number 1826-0921. 

Page 8-509, Service Sheet 33: 
Delete A4A2CR3. 
In Transistor and Integrated Circuit Part Numbers table, 
change U5 to part number 1826-0921. 

Page 8-517, Service Sheet 37: 
Delete A4A7CR2. 
In Transistor and Integrated Circuit Part Numbers table, 
change U8 to part numberl826-0921. 

Page 8-523, Service Sheet 40: 
Delete A4AICRY. 
In Transistor and Integrated Circuit Part Numbers table, 
change U9 to part number 1826-0921. 
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& >> CHANGE 20 


Page 8-415, Service Sheeet 24: 
Change A8A2 part number to 08662-60317 
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510. A4A2 Output Section Doubler Component Locations (P/O Change 4) 
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P/O Figure 8-512. A4A2 Output Section Doubler Schematic (P/O Change 4) 
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P/O Schematic 20, A6A3 HF Multiplier (P/O Change 6) 
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Figure 8401. A8A4 Reference Buffer Component Locations (P/O Change 7) 
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P/O Schematic 18, A8A3 and A8A4 10 MHz Reference Oscillator and Buffer (P/O Change 7) 
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Figure 8-316. P/O A2A6 Microprocessor/Decoder Component Locations (P/O Change 10) 
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Figure 8-319. P/O A2A6 Microprocessor/Decoder Component Locations (P/O Change 10). 
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Manual Changes 


SECTION VII — Part 2 
MANUAL CHANGES — Volume II 


7-3. INTRODUCTION 


This section contains manual changes instructions 
for backdating Volume II of this manual for HP 
8662A Synthesized Signal Generators having serial 
number prefixes lower than 2114A. This section 
also contains instrument modification suggestions 
and procedures that are recommended to improve 
the performance and reliability of your Generator. 


7-4. MANUAL CHANGES 


To adopt this manual to your instrument, refer to 
table 7-3 and make all manual changes listed 


opposite your serial number prefix. The manual 
changes are listed in serial number prefix se- 
quence and should be made in the sequence 
listed. Table 7-4 is a summary of changes by ser- 
vice sheet. 


If your instrument’s serial number prefix is not 
listed on the title page of this manual or in Table 
7-3, it may be documented in a MANUAL 
CHANGES supplement. For additional impor- 
tant information about serial number coverage, 
refer to INSTRUMENTS COVERED BY MAN- 
UAL in Section I. 


Table 7-3. Manual Changes By Serial Number Prefix 


Serial Prefix or Number Make Manual Changes Serial Prefix or Number Make Manual Changes 


X to M, K 
XtoN 
X toP,N 
X toO 
X to P 


X toQ 


XtoR 

XtoS 

X to T 

X toU 

X to V 

X to W 
X 
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Table 7-4. Summary of Changes By Service Sheet 


A2A8 

A2A6 

XA2A2A, A2A6 

A2A5, A2A9 

A2A10L1 

A2A1C8, A2A1R12 

A2A1U4A, A2A1U11, A2A1C7 

A2A5U11, A2A5C8, A2A5R4, 
A2A5C9, A2A5R5 

A2A6U16, A2A6TP7 

A2A8 

A2A9UI1, 2, 8 

A2A9, A2A9R11, A2A9U1-12 

A2A9R11 

A2A7U18, A2A7U20—U22 

A2A7U18—U20, U23, A2A7R6E—H 

A2A4R5 

A2A3R20—R25 


A8P1, A8A5J5 
A8A4K1, K2, A8A4S1—S3 
A8L1 

A6A1R21, R25 

A6A3L39, R78 

A6A3R23 

A6A3R76 

A6A6R3, R5, R7 

A6A5R34, R156 

A6A4R34, R156 

A4A4R61, C57 

A4A4C27, C28, C32, C37, C38 
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DSEUnnan 


A4A5C32, R21, R42 
A4A3R16 

A4A2R43 

A4A1C59, R19, R107 
A4A1Q4, Q11, Q14 
A4A1E3 

A4A1C53 

A4A1C47 


ODOracgdOnhrOotZwaOnOnnnny xt anwnan 


A3A1C9 
A4A7R83, R86 
A4A7R69, R70 
A4A7C29 
A4A7R56 
A4A8Q3, U6A 
A4A6 
A4A6C24, C28, L4, R51, R56—R58 
A4A6C22, C24 L4, 

A5A4C6 

A5A3VR3, VR4, R86, R87 
A3A3C13 

A3A3C9, L2 

A3A3E1, E2 

A3A3R98, R122 

A3A4C23—C25, C26 

A3A4C32 

A3A4C22, C23, C25, C26 
A3A4CR4—CR6 

A3A7C23, C24, C26, C27 
A3A10R27 

A3A8R33, R34 

ATA3F1, F2 

A7A3R14, C7, C12, C13, R15, R16 


ale Change Service as: 
Reference Designation eal Reference Designation : 


S<FPOMDGHDTONACKHHODMEESUPWOAHWOUSDOSDY 
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Model 8662A Manual Changes 


CHANGE A 


Service Sheet 37 (schematic): 
Change R56 to 12.1 kQ. 


CHANGE B 


Service Sheet 4 (Principles of Operation): 
In the second paragraph under ‘‘Malfunction Detection Circuitry” change the appropriate portions of the 
third and fourth sentences to read “‘formed by U4A to produce a 45 ms pulse. If the code at pins 9, 11, 
14 and 1 persists for more than 45 ms,...’’. 


Service Sheet 4 (Schematic): 
Change R11 to 100K. 
Change C7 to 1.0 uF. 
Change the pulse duration, described in U4A to 45 ms. 


Service Sheet 35 (Schematic): 
Change C47 to 1.0 uF and add a polarity sign (+). 


Service Sheet 37 (Schematic): 
Change C29 to 1.0 uF. 


CHANGE C 


Service Sheet 37 (Schematic): 
Change R69 and R70 to 10002. 


CHANGE D 


Service Sheet 1 (Schematic): 
Remove inductor A2A10L1 (on mother board) in series on the 20V supply line between TP4 and the 
+20V side of C1. Connect the +20V side of C1 to TP4. 


Service Sheet 10 (troubleshooting): 
Replace the table of RAM Board (A2A7) Signatures with the following table: 


RAM Board (A2A7) Signatures 


=) 


2H70 
HPPO 
1293 
0000 
0000 
383C 
UHUF 
0000 
A756 
7528 
2H54 
OP63 
6541 
2317 
72H8 
0001 


worau P®wn 
WoOXNauhWNEH 
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CHANGE D (cont'd) 


Service Sheet 10 (Schematic) 
Replace the appropriate portion of schematic with the attached partial schematic (Figure 7-3): 
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Figure 7-3. P/O A2A7 RAM Schematic (P/O Change D) 


Service Sheet 30 (Schematic): 
Change C27 and C37 to 22 pF. 
Change C28 and C38 to 27 pF. 
Change C32 to 33 pF. 


Service Sheet 31 (Schematic): 
Remove capacitor C32 between R21 and ground. Connect R21 to ground. 
Remove resistor R42 between ground and the junction of L19, L8 and R18. 


Service Sheet 34 (Schematic): 
Remove capacitor C59, 100 pF, between R21 and ground. 
Connect R19 from the junction of CR3, CR4 and L14 to ground. 
Remove resistor R107, 7500. 


Service Sheet 35 (Schematic): 
Change C53 to 1000 pF. 


Service Sheet 41 (Schematic): 

Remove C6, 1000 pF capacitor, between the emitter of Q3 and ground. 
Service Sheet 48 (Schematic): 

Change diodes CR4—6 from simple diodes to Shottky diodes. ® 
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CHANGE E 
Service Sheet 39 (Schematic): 
Change C24 to 24 pF. 
Change L4 to 51 nH. 
Change the label for the C22-L4-C24 network to ‘145 MHz LP Filter’’. 


CHANGE F 


Service Sheet 18 (Schematic): 
Remove inductor A8L1, 500 wH, in series on the 20V supply line between A8C2 and pin 1 of P1. 
Connect pin 1 of Pl to A8C2. 
Delete Note 2. 


CHANGE G 


Service Sheet B1 (Mainframe Stimulus Diagnostic): 
In the table under SET-UP step 5, change the A2A6 entry for CLOCK to U16 pin 15. 


Service Sheet 4 (Schematic): 
In the table ‘“‘Integrated Circuit Part Numbers” change U8 to 1820-1442. 


Service Sheet 7 (Schematic): 
On the line to U16 pin 5, delete TP7. 


Service Sheet 46 (Schematic): 
Change C13 to 1000 pF. 


Service Sheet 47 (Schematic): 
Change R98 to 31602. 
Remove resistor R122, 38.3 kQ between pins 2 and 7 of U10. 


Service Sheet 48 (Schematic): 
Change C22 to 100 pF. 
Add capacitors C23, C25, C26, 100 pF, in parallel between the junction of CR7, CR8 and R33 and 
ground. 


Service Sheet 51 (Schematic): 
Change C23 to 100 pF. 
Add capacitors C24, C26 and C27, 100 pF, in parallel between the junction of CR13, CR14 and R34 
and ground. 


CHANGE H 


Service Sheet 48 (Schematic): 
Change C32 to 2.4 pF. 


CHANGE | 


Service Sheet 20 (Schematic): 
Remove resistor R76, 147 kQ connected from the base of Q3 and —5.11V. 


CHANGE J 


Service Sheet 12 (Schematic): 
Remove 1002 resistor A2A4R5 from between U17 pin 9 and pin 24 on the output connector. Connect 
U17 pin 9 directly to pin 24 on the output connector. 
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CHANGE J (cont'd) 


Service Sheet 38 (Schematic): 
Remove the ground on U6A pin 2. Connect a line from U6A pin 2 to the collector of Q3. 


Service Sheet 42 (Schematic): 
Remove diode VR3 connected between pins 4 and 7 of U3 and resistor R86 connected from pin 4 of U3 
and —40V(F2). Connect pin 4 of U3 to —40V(F2) and pin 7 of U8 to —10V(F2). 
Remove diode VR4 connected between pins 4 and 7 of U6 and resistor R87 connected from pin 4 of U6 
and —40V(F2). Connect pin 4 of U6 to —40V(F2) and pin 7 of U6 to —10V(F2). 


CHANGE K 


Service Sheet 37 (Schematic): 
Change R83 to 8252. 
Change R86 to 7.5 kQ. 


CHANGE L 


Service Sheet 20 (Schematic): 
Change the part number for the A6A3 assembly to 08662-60112. 
Change the value of R23 to 10002. 
Remove the PIN diode switch (CR6) and resistor (R77). 
Connect diode CR3 to capacitor C31 and R238. 


Service Sheet 30 (Schematic): 
Remove the RC network (R61 and C57) from the +5V(F2) line. Connect L12 to the junction of L9 and 
L11. 


Service Sheet 54 (Schematic): 
Change R33 to 38.32. 
Change R34 to 1472. 


CHANGE M 


Service Sheet 35 (Schematic): 
Remove the ferrite bead, E3 ( —/ ) between the base of Q23 and the junction of C45 and R65. 


Service Sheet 39 (Component Locations): 
Replace Figure 8-530 with the attached Figure 7-4. A4A6 Component Locations. 


Service Sheet 39 (Schematic): 
Change C24 to 24 pF. 
Change L4 to 100 nH. 
Change R51 to 56.22. 
Remove C28 from between the junction of C22 and L4 and ground. 
Remove the attenuator network consisting of R56*, R57* and R58 from between the junction of L4 
and C24. 
Connect pin 1 of U2 to the junction of L4 and C24. 


Service Sheet 55 (schematic): 
Change the part number for A7A3 to 08662-60159. 
Add R14, 5.69 and C7, 0.056 uF. 
Remove the R15-C12 and R16-C13 snubber networks on CR6 and CR7. 
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A4A6 ASSEMBLY 
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Figure 7-4. A4A6 FM Loop VCO Component Locations (P/O Change M) 


CHANGE N 


Service Sheet 19 (Schematic): 
Change R21 to 10002. 
Change R25 to 28702. 


CHANGE O 
Service Sheet 20 (Schematic): 
Change L39 to R70 102. 
Remove R78 from between the J4 side of C92 and ground. 


Service Sheet 23 (Schematic): 
Change the value of R3 and R7 to 316Q. 
@ Change the value of R5 to 17.82. 
Change the value shown for the pad consisting of R38, R5, R7 to 3 dB. 
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CHANGE P 


Service Sheet 9 (schematic): 
In the Integrated Circuit Part Number table, change U1 to 08662-80029, U2 to 08662-80030 and 


U8 to 08662-80036. 
CHANGE Q 
Service Sheet 18 (Component Locations): 
Replace Figure 8-401 with Figure 7-5. 


Service Sheet 18 (Block Diagram): 
Replace the lower part of Figure 8-402 with Figure 7-6. 


Service Sheet 18 (Schematic): 
Replace appropriate parts of the schematic with Figure 7-7. 


Service Sheet 53 (Schematic): 
Change R27 to 23700. 
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Figure 7-5. A8A4 Reference Buffer Component Locations (P/O Change Q) 
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Figure 7-6. P/O A8A3 and A8A4 10 MHz Reference Oscillator and Buffer Block Diagrams (P/O Change Q) 
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Figure 7-7. A8A3 and A8A4 10 MHz Reference Oscillator and Buffer Schematic (P/O Change Q) 


CHANGE R 


Service Sheet 32 (Schematic): 
Change the value of R16 to 14.72. 


Service Sheet 35 (Schematic): 
Delete Notes 4 and 5. 


Replace the appropriate portion of the schematic with the following partial schematic (Figure 7-8). 
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THE 
ee CONSTANT ———— 
SWITCHES 


Figure 7-8. P/O A4A1 Output Amplifier Schematic (P/O Change R) 


CHANGE S 
Service Sheet A, Table 8-203: 
Delete the following entry: ‘49 Sweep step size is greater than start/stop frequency difference”’. 


Service Sheet A, Table 8-204: 
Delete the following entry: ‘89 Factory testing only”’. 


Service Sheet B (Troubleshooting): 


Under General Troubleshooting Procedure, change step f to read: “Plug in memory boards (that is A2A7, 
A2A8 and A2A9)...”. 


Service Sheet B (Block Diagram): 
Add A2A8 (ROM1) block as shown in Figure 7-9. 


AZA8 ROM1 


A2A6 MICROPROCESSOR/ DECODE 


AZAT RAM 


[aza7 | 


AODRESS BUS (16) 


DATA BUS (8) 


\ \ N 

\ N N 

~ SSONTROL BUS WOE EEE EmEm’|™|’TE 
Figure 7-9. P/O Digital Control Unit (DCU) Block Diagram (P60 Change S) 
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CHANGE S (cont'd) 


Service Sheet B2, Table 8-209: 
Change the appropriate signatures to the following: 


Service Sheet B2, Table 8-212: 
Replace the table with the table to the right. 


Service Sheet B3, Table 8-215: 
Replace the table with Table 7-5 below. 
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XA2A2A — 25 6169 AO 


24 1925 Al 
23 P8U1 A2 
22 P572 SCO 


Table 7-5. ROM Test Error Codes (P/O age S) 


| Marware Faure | Failure 


Assembly 

(Service Sheet) jie | 
01 1800 oe 
03 


A2A9(9) 
A2A8(8) 


Memory Address 
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CHANGE §S (cont'd) 


Service Sheet 5 (Troubleshooting): 
Change step 1 to read: 
1. Perform the ROM test by selecting special function 83. This tests ROMs U10 and U11 and the 
associated data buffers and address decoders. Errors 01 and 02 indicate U11 and U10 respectively. 
If the ROM test passes (00 displayed) these parts of A2A5 are normal. 


In the table entitled HP-IB Board (A2A5) Signatures, change the appropriate signatures to the following: 


U7— 37 HP06 
388 8F57 
39 F5HH 


Service Sheet 5 (Schematic): 
Delete C8 and C9. 
Remove R4 and connect the REN line to U6 pin 2. 
Remove R5 and connect the IFC line to U6 pin 6. 
Replace the appropriate portion of the schematic with the attached partial schematic (Figure 7-10). 
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Figure 7-10. P/O A2A5 HP-IB Board Schematic (P/O Change S) 


Manual Changes 


CHANGE S (cont'd) 
Service Sheet 6 (Schematic): 


Model 8662A 


In the Integrated Circuit Part Numbers table, change the part number for U6 to 08662-80014. 


Service Sheet 8: 


Add the attached Service Sheet 8 (Principles of Operation, Troubleshooting, Component Locations, 


Block Diagrams and Schematic). 


SERVICE SHEET 8 
A2A8 ROM 1 ASSEMBLY 


TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


There are two read-only memory (ROM) boards in 
the DCU. Each pro-vides 12 kilobytes of permanent 
memory. The two boards together yield 24 kilo- 
bytes, enough to contain the machine control 
programs. 


ROM Address Decoding 


Memory Address lines A0-A9 (pins 8-17) from the 
microprocessor feed directly to ROMs U1-U9, U11 
and U12. Address lines A10-A14 go to decoders U14, 
U15 and U16. The outputs of the decoders are sent to 
the individual ROMs as chip select lines. The peri- 
pheral read/write (PRW) line enters the board at 
pin 26 and is used to enable and disable U14. U14in 
turn controls the state of U15 and U16, as well as 
U17, the data bus buffer. 


Data Bus Buffer 


The data bus buffer is enabled and disabled by a 
signal from U14. When the line goes HI, the buffer is 
enabled and data flows from the selected ROM, 
through board pins 28-35, and onto the external 


7-26 


data bus. The clock 3 line (pin 27) provides clocking 
for the board. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the 
A2A8 assembly. The instructions for using this 
technique are given below. 


Set-up 


1. Remove all boards from the DCU section 
except A2A6 and A2A8. Place the A2A8 on an 
extender. 


2. Set the Signature Analyzer pushbutton 
switches as follows: 


START BUTTON 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 


8. Connect the Signature Analyzer to the 
microprocessor assembly (A2A6) as follows: 


A2A6 Assembly 


TP2 (“ST”) 
TP2 (“ST”) 

TP1 (“SA, CK”’) 
TP6 (“GND”) 


Signature Analyzer 


START LEAD 


STOP LEAD 
CLOCK LEAD 
GROUND LEAD 


@ 


Model 8662A 


CHANGE S (cont'd) 


SERVICE SHEET 8 (cont'd) 


4. 


Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2ZA6TP6. 


. Connect a jumper between A2A6TP4 and A2A6TP6. If the 10 pin 


shorting connector is plugged into the top of the Microprocessor 
Board, remove it. This puts the microprocessor board into a FREE 
RUN mode. 


Pretest Procedure 


Al 


Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. The Signature Analyzer should indicate “0000” and then 
“0001”. If this does not occur, go back and recheck all connections 
and switch positions as outlined in the preceding setup procedure. 
Also, the UNSTABLE SIGNATURE lamp on the Signature Ana- 
lyzer should be OFF and the GATE lamp should be flashing. 


. For this test, ignore anything displayed on the front panel of the 


Signal Generator. Any display is meaningless. 


. No button, switch or connection should be altered in the course of 


taking signatures on the ROM 1 board (A2A8). 
NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceeded by a+ or— sign. A+ indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse(CLOCK 
button OUT). A — indicates a negative or trailing edge sig- 
nature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 


ROM 1 (A2A8) Signatures 


1293 
HAP7 
3C96 
UA42 
0001 
0001 
1920 
0000 
C34C 
597C 
UA87 
2FF3 
7807 
H6 F4 
71H4 
0001 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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Manual Changes 
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Model 8662A 


A2A8 ASSEMBLY 
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Figure 7-11. A2A8 ROM1 Component Locations (P/O Change S$) 
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Figure 7-12. A2ZA8 ROM1 Block Diagrams (P/O Change S) 
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Manual Changes 


NOTES 
VE (ROMK) 1S NOT USED. 
ROM 12 18 NOT SEPERATELY REPLACEABLE, 
(T0087 BE REPLACED AS PART OF A 
KUT THAT (NOLUDES THE OUTPST BITTEN S- 
ATOR. SEE SECTION YI FOR THE KITS 
TART NUMBER, 
ANEW A2A8 PC GORD WOULD COME 
FOUIPED WITH W712, HOWEVER, THERE 
WOULD BE NO AMPLITUDE CORRECTION 
DATA IN UWl2. /F THE ENTIRE AZAEG FE 
E0ARO WUST BE REPLACED, SAVE ANVO 
USE Ul2 FROM THE 01D 22 GOARO. 


KEFERENCE DESIGNATIONS 


f 
| A2Ae A2ZA1O 
| oes MAZE 
l-23 
| Ul-S, 7-/7 
es ee es 
LOGIC LEVELS 


Hos 
|A/GH (7) |= 2V_ [>re.0v|> r49v | | +voo | 


Ss" £QUAL 70 OR MORE NEGATIVE THAN 
2 "EQUAL TOOR MORE POSITIVE THAN 


| ~weur | | 772 | hi | 2ce | cL | cece | ECL CMOS 
qaoune | Zoro) 


INTEGRATED CIRCUIT 
PART NUMBERS 


PART 
MUMBERS 


OG6E2-800/7 
08662-800/8 
08662-800/9 
08662-80020 
98662-8002/ 
08662-80223 


98662-80024 
08662-30025 
08662-20026 
08662-80027 
NOTE Z 
4820 -/20/ 
1820 -/216 
1820 -1759 


WTEGRATED CIRCUIT 
VOLTAGE ANDO 
GROUND CONNECTIONS 


REFERENCE PIN 
DESIGNATIONS WUMBERS 


UI-5,7-12 


uU/3 


A2A8 


Figure 7-13. AZA8 ROM! Schematic (P/O Change S) 
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Model 8662A Manual Changes 


CHANGE S (cont'd) 


Service Sheet 9 (Principles of Operation): 

Replace the paragraph entitled GENERAL with the following: 
“There are two read-only memory (ROM) boards in the DCU. Each provides 12 kilobytes of perma- 
nent memory. The two boards together yield 24 kilobytes, enough to contain the machine control 
program.”’ 

In the paragraph entitled ROM Address Decoding, change the first two senteces to read: 
“Memory address lines AO—AQ (pins 8—17) from the microprocessor feed directly to ROMs U1—U9, 
U11 and U12. Address lines A10—A14 go to decoders U14, U15 and U16. 


Service Sheet 9 (Troubleshooting): 
Change the table entitled ROM2 (A2AQ) Signatures to the following: 


3C96 §=U1l5- 
3827 
755U 
0000 
0000 
0001 
P255 
0000 
U3H5 
0996 
6H49 
F2A6 
Pcol 
12u3 
4P0A 
0001 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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Manual Changes Model 8662A 


CHANGE §S (cont'd) ( 


Service Sheet 9, (Block Diagrams): 
Replace Figure 8-326 with Figure 7-14. 
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Figure 7-14. ROM2 Block Diagrams (P/O Change S) 


Service Sheet 9, (Schematic): 
Replace the schematic with the attached schematic, Figure 7-15 on the following page. 
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Manual Changes 


REFERENCE LESIGNATIONS 


LOGIC LEVELS 


S"£QUVAL TO CR MORE NEGATIVE THAN 
>"FQUAL TOOR MORE POSITIVE THAN 


| weer | 772 #eL | eect | omos | 
GROUND 
[ oFEnw | EZ Zowfe)|Low~o)| x _| 


GROUND -OV; X=UNOEFINED 


x 


INTEGRATED CIRCUIT 
PART NUMBERS 


REFERENCE FART 
DESIGNATIONS \ NUMBERS 


ul 08662-80042 
ue OBEE2Z-BOC43 
u2 98662-8003 
uF 066 62- 80032 
us 086 62-80033 
U6 08662-80014 
u7 086 62- E0035 
va C86 6 2-80044 
ur 08662-80037 
08662-80038 
08662-80039 
08662-86040 
1820-120) 
1820 -12/6 
1920-1759 


INTEGRATED CIRCUIT 
VOLTAGE AND 
GROUND CONNECTIONS 


REFERENCE PART 
DESIGNATIONS NUMBERS 


A2A9s 


Figure 7-15. AZA9 ROM2 Schematic (P/O Change S) 
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Model 8662A Manual Changes 


CHANGE S (cont'd) 


Service Sheet 10 (Block Diagram): 
Change the upper diagram per attached Figure 7-16. 


II S 


meagaacesson Zen LLL LLL SEE ZCI DD ii 


—o i 


Re 


Figure 7-16. P/O A2A7 RAM Block Diagram (P/O Change S) 


Service Sheet 14 (Schematic): 
Replace the appropriate portion of the schematic with the partial schematic below (Figure 7-17). 


a - 
= oa 


& 


Figure 7-17. P/O A2A3 Level/Modulation Output Schematic (P/O Change S) 
Change the A2A38 part number (in the upper left corner of the page) to 08662-60170. 


Service Sheet 15 (Schematic): 
Change the A2A3 part number (in the upper left corner of the page) to 08662-60170. 
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Manual Changes Model 8662A 


CHANGE S (cont'd) 


Service Sheet 17 (Troubleshooting): 
In the table entitled Sweep Board (P/O A2A2) Signatures, Make the following changes: 


U10—1 6169 

—2Z 19265 

—3 P8Ul1 

—4 P572 
CHANGE T 


Service Sheet 36 (Schematic): 
Remove C9, 22 pF. 


CHANGE U 


Service Sheet 9 (Schematic): 
Remove R11, 10 kQ. 


Service Sheet 24 (Schematic): 
Change the value of R34 to 2.87 kQ. 
Change the value of R156 to1 kQ. 


Service Sheet 28 (Schematic): 
Change the value of R34 to 2.37 kQ. 
Change the value of R156 to1 kQ. 


Service Sheet 47 (Schematic): 
Delete ferrite bead E1 on the base of Q1. 
Delete ferrite bead E2 on the base of Q2. 


CHANGE V 


Service Sheet 33 (Schematic): 
Change the value of R43 to 5.11 kQ. 


Service Sheet 46 (Schematic): 
Change the value of C9 to 220 uF. 
Change the value of L2 to 75 wH. 


Service Sheet 55 (Schematic): 
Remove fuse F1 on the base of Q3. Connect the base of Q3 to the injunction of R9 and R7. 
Remove fuse F2 on the base of Q4. Connect the base of Q4 to the junction of R10 and R8. 


CHANGE W 


Service Sheet 3 (Schematic): 
Remove C8 from the A2A1 Key Code Board. 
Disconnect C8 from pin 15 of U14 and +5V. Leave pin 15 of U14 unconnected (NC). 
Remove R12 from between U22 pin 4 and +5V. Connect U22 pin 4 to +5V. 
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Model 8662A Manual Changes 


CHANGE X 


Service Sheet 10 (Principles of Operation): 
In the paragraph entitled Read/Write Control and RAM Chip Select, change the last sentence to read: 


‘““RAM selection is implemented by U18.” 

In the paragraph entitled Address and Bi-Directional Data Bus Buffers, make the following changes: 
1. Change the third sentence to read: Data bus buffers U21 and U22 are bi-directional. 
2. Add a fifth sentence to read: The PRW line is controlled by the outputs of U20. 


Service Sheet 10 (Troubleshooting): 
Replace the table of RAM Board (A2A7) Signatures with the following table: 


2H70 
HPPO 
1293 
0000 
0000 
383C 
UHUF 
0000 
A756 
7528 


WDNIKDN2®WNe 
ee ee 


2H54 
OP 63 
6541 
2317 
72H8 
0001 


Service Sheet 10 (Component Locations): 
Replace Figure 8-328 with the attached A2A7 component locations (Figure 7-18). 


Service Sheet 10 (Block Diagrams): ; 
In the second block diagram, add the OR gate as shown in the attached block diagram, Figure 7-19. 


Service Sheet 10 (Schematic): 
Replace the schematic with Figure 7-20. 
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Figure 7-19. P/O A2A7 RAM Block Diagram (P/O Change X) 
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Figure 7-20. AZA7 RAM Schematic (P/O Change X) 
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Replace appropriate parts of the schematic with the attached partial schematics (Figure 7-21 and 7-22). 
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and Buffer Schematic (P/O Change X) 
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Figure 7-22. Output Side of the 10 MHz Reference 
Oscillator and Buffer Schematic (P/O Change X) 


7-41/7-42 


i) 


HEWLETT 
PACKARD 


Printed in U.S.A. | 


SECTION VIII 
GENERAL INFORMATION 


oan SERVICE MANUAL 


@ 
8662A 
Synthesized 
Signal 
Generator 
10 kHz — 1280 MHz 
@ 


P/O Section VIII 


Service 
General Information 


| HEWLETT 
© (») PACKARD 


@ 


Model 8662A Contents 
CONTENTS 
Page Page 
Introductions «asic vieiess.0's os.0 00d poeta eee 8-101 LOGIC SVIMDOLOLY ac vic esuv'o ns cecistnrevd vere tw wad 8-104 
Instruments Covered by Manual ................ 8-101 Basic Definitions ............ceeeeceeeecrecees 8-104 
Circuit Descriptions .....2.....405. 00s oe 8-101 Complex Device Symbology.............+++00+ 8-108 
Troubleshooting ==. sait cee 8-101 Logic Device Theory ...........-ecccccccscceeecs 8-110 
General 05.00 cise. 3 n:s'e.cie,avuecocaceosc 8-101 SCMMIEEUMIG RGR sos se eter cr cteece ccs ceed wees 8-110 
Status Light and Status Codes................ 8-101 One-Shot Multivibrator ................--eeeee 8-111 
Signature Analysis <5 6 naucwnos cas eee 8-101 D-Type Flip-Flop (Edge-Triggered) ............ 8-111 
Recommended Test Equipment ................. 8-102 Four-Bit Register (Level-Triggered)............ 8-111 
Service Tools and Aids ..................0eceeee 8-102 Presettable Counter ............-ceeeeeeeeeees 8-111 
Service Accessory Kit...............ceeeeceees 8-102 Three-Bit Binary One-of-Eight 
Parts. Locations ....«.s.<ib5i.. 400s oe eee 8-102 WM ECOd ere aaitadanarnecnciccind have teteween ls 8-111 
Test Points and Adjustment Locations ........ 8-102 Analog Multiplexer .............seeeeeeeeecees 8-112 
Service Aids on Printed Circuit Boards ........ 8-102 Digital-to-Analog Converter .................. 8-112 
Pozidriv Screwdrivers ............ceeceeeeeuce 8-102 Four-Bit BCD Summer...............--2++-00: 8-113 
TUNING TOO] 8 vse.6:se0.5:5 ca aels soo ole ee 8-102 Divide-by-10/11 Prescaler.................+406- 8-113 
Silver Solder © sc, ccscocesssacsss so nersieneeee see ee 8-102 Eight-to-Three Line Priority Encoder.......... 8-113 
1i4:) 0): 0b Aer errr MPEOII TH SRA Bert Bon odtcoc 8-102 Random Access Memory (RAM)..............- 8-113 
Factory-Selected Components (*) .............. 8-102 Read-Only Memory (ROM)..............-...-- 8-114 
Manual Backdating (7) ...200.0200) eee ee 8-103 Analog'Switehttecesmccseite ee hans o> occa oa 8-114 
Disassembly Procedures ..............00ee000s 8-103 Analog Multiplexer........... Es Secs « te 8-114 
Post-Repair Adjustments and Performance Phase-Frequency Detector ..............--+65+ 8-115 
TROSUS 5. sccivate, sana ei sveters/ Gers Solero roe EET 8-103 Linear Device Theory ...........--ceeseeecerceee 8-115 
Post-Service Product Safety Checks ........... 8-104 Operational Amplifiers ...............--20000 8-115 
Etched Circuits (Printed Circuit Boards)....... 8-104 Comparatorsiance sense sciientrteaeets tec. cases 8-116 
MOS and CMOS Integrated Circuit Limiter (Transistor Array) .............---+6-- 8-117 
Replacement .sss.05 s2o8 acto eee eee 8-104 Schematic Diagram Notes ............-.0e+ee00- 8-117 
SERVICE SHEETS 
Block Block 
Section or Assembly Schematic Diagram Section or Assembly Schematic Diagram 
Overall Block Diagram A A2A7 RAM 10 B 
Digital Control Unit (DCU) B A2A9 ROM 2 9 B 
Reference Section C A2A10 DCU Motherboard 1-17 _— 
High Frequency Loops D 
Output Section E 
Modulation Section F A8A1 Reverse Power Driver 36 E 
Fractional-N Loop G A38A2 Not Assigned — — 
Low Frequency Loops H A8A8 N Loop Divider/Phase 
/\ Power Supply I Detector 46, 47 H 
A3A4 N Loop VCO 48 H 
A1A1 Readout Board 11 B A3A5 Sum Loop Mixer 49 H 
A1A2 Left Keyboard B A3A6 Sum Loop Phase Detector 
A1A3_ Right Keyboard 1 B and Pretune cia bi 
A38A7 Sum Loop VCO 51 H 
A2A1 Keycode’Board 3,4 B A38A8 FM Sum Loop VCO 54 H 
A2A2 Sweep Board 16,17 B A38A9 FM Sum Loop Mixer 52 H 
A2A3 Level/Modulation Output 14,15 B A38A10 FM Sum Loop Phase 
A2A4 Frequency Output Board 12,13 B Detector 53 H 
A2A5 HP-IB Board 5 B A8A11 Low Frequency Loops 
A2A6 Microprocessor/Decoder 6,7 B Motherboard 36,46-54 — 


———™— 


Contents Model 8662A 
SERVICE SHEETS (Cont'd) 
Block Block 
Section or Assembly Schematic Diagram Section or Assembly Schematic Diagram 
A4Al1 Output Amplifier 34, 35 E A6A5 Reference Sum Loop 
A4A2 Output Section Doubler 33 E Phase Detector 24, 25 D 
A4A83 Output Section LF A6A6 Reference Sum Loop 
Amplifier 82 E RF Mixer 23 D 
A4A4 Output Section Distributor 30 E A6A7_ RF Buffer 26 D 
A4A5 Output Section LF Down A6A8 Output Sum Loop RF 
Converter 31 E Mixer 27 D 
A4A6 FM Loop VCO 39 F A6A9 High Frequency Loops 
A4A7 Output Section AGC 37 E and Reference Section 
A4A8 Modulation Divider 38 F Controller 22 D 
A4A9 Modulation Drive 40 F A6A10 High Frequency Loops 
A4A10 Output Motherboard 30-35,37-40 — and Reference Section 
Motherboard 19-29 _ 
A5Al1 Fractional-N Loop 
Accumulator 45 G A7A1 Power Supply Linear 
A5A2 Fractional-N Loop Regulator 56 I 
N-Divider 44 G A7A2 Power Supply Control 
A5A3 Fractional-N Loop Board 57 I 
Phase Detector 42 G A7A3 Power Supply Inverter 55 I /\ 
A5A4 Fractional-N Loop A7A4 Power Supply 
Reference Divider 41 G Motherboard 55-57 I 
A5A5 Fractional-N Loop VCO 43 G 
A5A6  Fractional-N Loop A8A1 Output Sum Loop VCO 28 D 
Motherboard 41-45 — A8A2 Reference Sum Loop VCO 24 D 
A8A3 10 MHz Reference 
A6Al1 Reference Section LF Oscillator 18 C 
Multiplier 19 C A8A4 Reference Buffer 18 C 
A6A2 Reference Section A8A5 10 MHz Reference Section 
LO Drive 21 (Cy Motherboard 18 — 
A6A3 Reference Section HF 
Multiplier 20 C A9  HP-IB Interconnect 3,5,16-18 — 
A6A4 Output Sum Loop 
Phase Detector 28, 29 D Al0 Line Filter 55 — 
ILLUSTRATIONS 
Figure Page Figure Page 
8-101. Basic Logic Symbols and Qualifiers ...... 8-105 8-118. Quad D-Type Latch ...................44. 8-110 
8-102. Indicator Symbols ..................0005- 8-106 Bala SCH IMI HUIS BOL «)5\0\0:010:0:«: s1stsinieveln.« sjelelelaleteisie's 8-110 
8-103. Contiguous Blocks ..............00eeee00- 8-107 8-115. One-Shot Multivibrator .................. 8-111 
8-104. AND Dependency Notation .............. 8-107 8-116. D-Type Flip-Flop (Edge-Triggered)........ 8-111 
8-105. Address Dependency Notation: 8-117. Four-Bit Register 
Coder Example Using Alpha (Level-Triggered)..........seeeeeeeecees 8-111 
Characters (Letters).............000000: 8-108 8-118. Presettable Counter ...............05e000: 8-112 
8-106. OR and Free Dependency Notation ....... 8-108 8-119. Three-Bit Binary One-of-Eight 
8-107. Common Control Block .................. 8-108 MI) ECOD ELIMI T a ev iets dikaslnvsiole-oitie Halave area 8-112 
8-108. Quad D-Type Latch (Individual).......... 8-109 8-120. Analog Multiplexer ...........-.seeeeeees 8-112 
8-109. Quad D-Type Latch (Combined) .......... 8-109 8-121. Digital-to-Analog Converter .............- 8-112 
BANO: SHB CCIBLES oo rin co icic wie. stip wsieidno aes seine 8-109 8-122. Four-Bit BCD Summer .............+-0+++ 8-113 
8-111. AND-OR Selector.......2ccccccccccssenee 8-109 8-123. Divide-By-10/11 Prescaler.............+++ 8-113 
$4152, Up/Down Counter 2. sssdevrsasenescs cs. 8-110 8-124, Eight-to-Three Line Priority Encoder ..... 8-113 


il 


® 


6 


Model 8662A 


Figure 


8-125. 
8-126. 
8-127. 
8-128. 
8-129. 
8-130. 
8-131. 


8-132. 
8-133. 
8-134. 
8-135. 


8-201. 
8-202. 


8-203. 


8-204. 
8-205. 
8-206. 
8-207. 


8-208. 
8-209. 
8-210. 
8-211. 


8-212. 
8-213. 


8-214. 
8-215. 
8-216. 
8-217. 


8-218. 


8-301. 


8-302. 
8-303. 
8-304. 


8-305. 
8-306. 
8-307. 


Contents 
ILLUSTRATIONS (Cont'd) 
Page Figure Page 
Random Access Memory (RAM).......... 8-114 8-308. P/O A2A1 Keycode Board 
Read-Only Memory (ROM) .............-- 8-115 Block Dia SraniGy.< cscev «cine tcie as cca 8-307 
Analog Switch <i. 5..5...004s<ah saan 8-115 8-309. P/O A2A1 Keycode Board Schematic..... 8-307 
Analog Multiplexer ...................00 8-115 8-310. P/O A2A1 Keycode Board 
Phase-Frequency Detector................ 8-116 Component Locations................44- 8-308 
Non-Inverting Amplifier (Gain =1)....... 8-116 8-311. P/O A2A1 Keycode Board 
Non-Inverting Amplifier Jud Dit eee ae a 8-309 
(Gain. ='-F RIZR2) eases eee aoe 8-116 8-312. P/O A2A1 Keycode Board 
Inverting Amplifier (Gain =-R1/R2) ..... 8-117 SCHEDIAUIC) 5, foot anc av damw seed tele ctacnae's 8-309 
Non-Inverting Comparator............... 8-117 8-313. A2A5 HP-IB Board 
Inverting Comparator.................05- 8-117 Component Locations.................. 8-310 
Limiter (Transistor Array) ............... 8-117 8-314. A2A5 HP-IB Block Diagrams............. 8-311 
8-315. A2A5 HP-IB Board Schematic............ 8-311 
8-316. P/O A2A6 Microprocessor/ Decoder 
Overall Block Diagram................... 8-205 Component Locations.................- 8-312 
Digital Control Unit (DCU) 8-317. P/O A2A6 Microprocessor/ Decoder 
Block Diagram. os:¢,..2:3.05.cceereeeee 8-207 BIOCKSDYARLAMIS Mes sin os. <n 00 «40 c.0;rmelee 8-313 
HP 9825A, HP 9835A/B and HP 9845A 8-318. P/O A2A6 Microprocessor/ Decoder 
Sample Program Listing ............... 8-209 Sch entatlGraeet weer owinneve sc viacaeieees 8-313 
Sample Error Printout ................... 8-209 8-319. P/O A2A6 Microprocessor/ Decoder 
Waveform at A4A7TP3...............-2-: 8-209 Component Locations.................. 8-314 
Reference Section Block Diagram......... 8-215 8-320. P/O A2A6 Microprocessor/ Decoder 
Basic High Frequency Loop Blocki Dia pram aierrrnctcete a= c010: 0.0:acie 02 20:0 8-315 
Block Diagram) s--eeeee eee ee eeeeeeee 8-216 8-321. P/O A2A6 Microprocessor/ Decoder 
High Frequency Loops Block Diagram... .8-217 SS CHEM ACI CG esrertre arctic teleiayniars 610. 0:0is.9 e1duave' a5 8-315 
Output Section Block Diagram ........... 8-219 8-325. A2ZA9 ROM 2 Component Locations ...... 8-318 
Modulation Section Block Diagram....... 8-221 8-326. A2A9 ROM 2 Block Diagrams............ 8-319 
Simplified Block Diagram of 8-327. A2A9 ROM 2 Schematic...........-....-- 8-319 
Bractional-N) l.00p).-e- eee eee eeeenae 8-222 8-328. A2A7 RAM Component Locations ........ 8-320 
Phase Detector Output ................... 8-222 8-329. A2ZA7 RAM Block Diagrams.............. 8-321 
A Pictorial View of the Contents of 8-330. A2A7 RAM Schematic ................... 8-321 
the Accumulator 32.5 psec ceecineeiee 8-222 8-331. A1A1 Readout Board 
Timing Diagram for 100.0 kHz PDR Component Locations.................. 8-322 
and SMP Signals ................--e6- 8-222 8-332. A1A1 Readout Board 
Fractional-N Loop Block Diagram........ 8-223 Blocks Diagrams) cee salssintentsies. «cla diste. «02 8-323 
Low Frequency Loops Block Diagram ....8-225 8-333. Al1A1 Readout Board Schematic.......... 8-323 
Simplified Power Supply 8-334. P/O A2A4 Frequency Output Board 
Block Diagram - cise cjeje aie oc lar tiniest oe tie 20 8-226 Component Locations.................. 8-324 
Power Supply Block Diagram ............ 8-227 8-335. P/O A2A4 Frequency Output Board 
Block: Diagrarraeec mae dete cia.cinc.:< da asare, 02 8-325 
8-336. P/O A2A4 Frequency Output Board 
Statin Seek a Soe 8-325 
A1A8 Right Keyboard 8-337. P/O A2A4 Frequency Output Board 
Component Locations................+- 8-302 Component Locations .................. 8-326 
A1A3 Right Keyboard Block Diagrams ...8-303 8-338. P/O A2A4 Frequency Output Board 
A1A8 Right Keyboard Schematic......... 8-303 BlockiDia grams scares seeaie eae cleicls os. ose 8-327 
A1A2 Left Keyboard 8-339. P/O A2A4 Frequency Output Board 
Component Locations...............+++ 8-304 Schematicher see sateecie cas Oawe dec ees 8-327 
A1A2 Left Keyboard Block Diagrams..... 8-305 8-340. P/O A2A3 Level/Modulation Output 
A1A2 Left Keyboard Schematic .......... 8-305 Component Locations .................. 8-328 
P/O A2A1 Keycode Board 8-341. P/O A2A3 Level/Modulation Output 
Component Locations................+: 8-306 iivd Die rari) Gap G a 8-329 


os fF St 


Contents Model 8662A 
ILLUSTRATIONS (Cont'd) 
Figure Page Figure Page 
8-342. P/O A2A8 Level/Modulation Output 8-416. A6A6 Reference Sum Loop RF Mixer 
SSG WraseLCLO Gye SMA eae Se so 8-329 Component Locations ................++ 8-412 
8-343. P/O A2A8 Level/Modulation Output 8-417. AGA6 Reference Sum Loop RF Mixer 
Component Locations ................+5 8-330 Block Diagrams ............. Lgpiesin ee 'e's 8-413 
8-344. P/O A2A3 Level/Modulation Output 8-418. AGA6 Reference Sum Loop RF Mixer 
Blocks Diagrams <aeus<n%- 8-331 SCNEM AUCH ee nas lanshicie ccs Sis1e.9-¥ 5-0 Sielermsoue 8-413 
ADAS Level/Modulation Out : it 1 Oe eal 8-419. P/O A6A5 Reference Sum Loop Phase 
8-345. eve! ORNS Roney UAE Detector Component Locations ......... 8-414 
SON EIDAUILC Srcreremsem iepeyp ewreie's here aite o ere eve 8-331 8-420. P/O AGA5 and A8A2 Reference Sum Loop 
8-346. P/O A2A2 Sweep Board Phase Detector and Voltage Con- 
Component Locations.................. 8-332 trolled Oscillator Block Diagrams ...... 8-415 
8-347. P/O A2A2 Sweep Board 8-421. P/O A6A5 and A8A2 Reference Sum Loop 
BLOCKS Dia PLANE Acerianys sho seiaiieleieo.e o.evivies 8-333 Phase Detector and Voltage Controlled 
8-348. P/O A2A2 Sweep Board Schematic....... 8-333 Oscillator Schematic .................+- 8-415 
8-349. P/O A2A2 Sweep Board 8-422. P/O A6A5 Reference Sum Loop Phase 
Component Locations .................. 8-334 Detector Component Locations ......... 8-416 
8-350. P/O A2A2 Sweep Board 8-423. P/O A6A5 Reference Sum Loop Phase 
hace be 8-335 Detector Block Diagrams............... 8-417 
8-351. P/O A2A2 Sweep Board Schematic . 8-335 Gea eee encnce umm Loop Phage 
i On keene er ere Detector Schematic ...................- 8-417 
8-425. A6A7 RF Buffer Component Locations ...8-418 
8-426. A6A7 RF Buffer Block Diagrams ......... 8-419 
peau» a sercrence Butter 8-497. AGAT RF Buffer Schematic............-+- 8-419 
Component Locations.................. 8-402 8-428. AGA8 Output Sum Loop RF Mixer 
8-402. A8A3 and A8A4 10 MHz Component Locations..............+.+- 8-420 
Reference Oscillator 8-429. A6A8 Output Sum Loop RF Mixer Block 
and Buffer Block Diagrams ............ 8-403 DSA GLAMIS ecevel joss rsvase. cave) elsvehos9;0xd)  salesoyoisces 8-421 
8-403. A8A3 and A8A4 10 MHz Reference 8-430. A6A8 Output Sum Loop RF Mixer 
Oscillator and Buffer Schematic........ 8-403 SCHEMA UL Caeeetrericiae oc orc sie cresisityeitieie ecsvene 8-421 
8-404. A6A1 Reference Section LF Multiplier 8-431. P/O A6A4 Output Sum Loop Phase 
Component Locations.................- 8-404 Detector Component Locations ......... 8-422 
8-405. A6A1 Reference Section LF Multiplier 8-432. P/O AGA4 and A8A1 Output Sum Loop 
IBIOGKSDIAGTAMIB se :< ccs occ occ ssles ee ciel oe 8-405 Phase Detector and Voltage Controlled 
an ; ae Oscillator Block Diagrams ............. 8-423 
8-406. A6A1 Reference Section LF Multiplier 8-433. P/O AGA4 and A8A1 Output Sum Locp 
is¥claVvrekzt (0 tee ee TORS ABIGDS OD A eEnGe 8-405 Phase Detector and Voltage Controlled 
8-407. A6A3 Reference Section HF Multiplier Oscillator Schematic arms sisiey aiesies'= « 8-423 
Component Locations.................. 8-406 8-434. P/O AGA4 Output Sum Loop Phase 
8-408. A6A3 Reference Section HF Multiplier Detector Component Locations ......... 8-424 
Block Diagrams . settee etree eee eees 8-407 8-435. P/O AGA4 Output Sum Loop Phase 
8-409. A6A3 Reference Section HF Multiplier Detector Block Diagrams............... 8-425 
Schematic a0 0a eve Saree eM re Pome mre:s'ri0:s 8-407 8-436. P/O A6A4 Output Sum Loop Phase 
8-410. A6A2 Reference Section LO Drive Detector Schematic ..............0.00+- 8-425 
Component Locations.................. 8-408 
8-411. A6A2 Reference Section LO Drive 
Block Diagrams ...........-.....00000- 8-409 8-501. A4A4 Output Section Distributor 
8-412. A6A2 Reference Section LO Drive Component Locations.................- 8-502 
Schemas meres ie ae ricco ielscmreremyepicieie 8-409 8-502. A4A4 Output Section Distributor 
8-413. A6A9 High Frequency Loops and BlockaDiagrambne mercer stcitec scl overe 8-503 
Reference Section Controller 8-503. A4A4 Output Section Distributor 
Component Locations.................- 8-410 S chem atices snes. ctl lore eereiess ogc cciels 8-503. 
8-414. A6A9 High Frequency Loops and 8-504. A4A5 Output Section LF Down 
Reference Section Controller Converter Component Locations ....... 8-504 
BlocksMia grams: erctecwsw cepcewces > =< 8-411 8-505. A4A5 Output Section LF Down 
8-415. A6A9 High Frequency Loops and Converter Block Diagrams ............. 8-505 
Reference Section Controller 8-506. A4A5 Output Section LF Down 
Schematic .......-.00eeeeeeeeeeeeeeees 8-411 Converter Schematic..........-.+++++++ 8-505 
iv 


Model 8662A 


Figure 


8-507. 
8-508. 
8-509. 
8-510. 
8-511. 
8-512. 
8-513. 
8-514. 


8-515. 
8-516. 


8-517. 


8-518. 
8-519. 


8-520. 
8-521. 
8-522. 
8-523. 


8-524. 
8-525. 


8-526. 


8-527. 
8-528. 


8-529. 
8-530. 


8-531. 
8-532. 
8-533. 
8-534. 


8-535. 


ILLUSTRATIONS (Cont'd) 


Page 


A4A3 Output Section LF Amplifier 
Component Locations.................. 8-506 
A4A3 Output Section LF Amplifier 


Block Diagrams? oi.cess.dseeerdeseaentse os 8-507 
A4A8 Output Section LF Amplifier 

SchemM Atle’ si5;.:5- sins masesaohce enero 8-507 
A4A2 Output Section Doubler 

Component Locations.................. 8-508 
A4A2 Output Section Doubler Block 

DIASTAMBEa ssc oo ac. eee 8-509 
A4A2 Output Section Doubler 

SCHEMA) .c.58ccie seins es nea eee 8-509 
P/O A4A1 Output Amplifier 

Component Locations.................. 8-510 
P/O A4A1 Output Amplifier Block 

Diagram saser cers ders sisi eee 8-511 


P/O A4A1 Output Amplifier Schematic ...8-511 
P/O A4A1 Output Amplifier Component 


VEO CAUIONS ios ats aso cetera oiersis isda 8-512 
P/O A4A1 Output Amplfier Block 
DIA STAM Sicreececs severe ctcincpeete es care oare he seta 8-513 


P/O A4A1 Output Amplifier Schematic .. .8-513 
A8A1 Reverse Power Driver Component 


LOCAtIONS SG once re eet ocloaisee oe 8-514 
A8A1 Reverse Power Driver and 

Attenuator Block Diagrams ............ 8-515 
A8A1 Reverse Power Driver and 

Attenuator Schematic.................. 8-515 
A4A7 Output Section AGC Component 

LOCATIONS mss.ritars siieinip i See Sek bes 8-516 
A4A7 Output Section AGC Block 

DIGARTAM Se exer tense ener e CTS coisas ta 8-517 


A4A7 Output Section AGC Schematic .... 
Phase Detector Operation (Variable 
Input is Lower in Frequency than 
Reference Signal) ...................05- 8-518 


Phase Detector Operation (Variable 
Input is Higher in Frequency than 


Reference Signal) ...................... 8-518 
A4A8 Modulation Divider Component 

Locations #2<3..e ee is See ESB: 8-518 
A4A8 Modulation Divider Block 

Diagrams oi. ss 2.5. EAR rs 8-519 


A4A8 Modulation Divider Schematic ..... 8-519 
A4A6 FM Loop VCO Component 


LOCatONS 's.3:00:ceiewoacee non dere eee 8-520 
A4A6 FM Loop VCO Block Diagrams..... 8-521 
A4A6 FM Loop VCO Schematic .......... 8-521 
Simplified Block Diagram of JFET Used 

as an Analog Switch ................... 8-522 
Schematic of a Typical JFET Switch and 

Driver Circuit: <<:adesins ee re oees ceeaies 8-522 
Modulation Level DAC at Minimum 

Attenuation Setting.................... 8-522 


Contents 

Figure Page 
8-536. Modulation Level DAC at 50% or 5% 

Ontpue evel dames «5+ 5.00% paarciew nevus 8-522 
8-537. A4A9 Modulation Drive Component 

LSOCAGIONS aac aie ate 6 W560 ye oe eerie 8-522 
8-538. A4A9 Modulation Drive Block 

IDNs (adr) Poet a en 8-523 
8-539. A4A9 Modulation Drive Schematic ....... 8-523 
8-601. A5A4 Fractional-N Loop Reference 


8-602. 


8-603. 


8-604. 


8-605. 


8-606. 


8-607. 


8-608. 


8-609. 


8-610. 


8-611. 


8-612. 


8-613. 


8-614. 


8-615. 


8-616. 


8-617. 


8-618. 


8-619. 


Divider Assembly Component 


WGOCAUONB ero oer erat rateiee a eosin e's re Siete 8-602 
A5A4 Fractional-N Loop Reference 

Divider Assembly Block Diagrams ..... 8-603 
A5A4 Fractional-N Loop Reference 

Divider Assembly Schematic........... 8-603 


A5A8 Fractional-N Loop Phase Detector 
Input and Output Waveforms (Phase- 
Locked and No Fractional Part) ........ 8-604 


Current Summing Amplifier Output Wave- 

form Showing the Contributions of 

the Different Currents ................. 8-604 
A5A3 Fractional-N Loop Phase Detector 

Component Locations................-. 8-604 
A5A3 Fractional-N Loop Phase Detector 

Block: Dia gramey ccs ee cea no oie aon ocr 8-605 
A5A8 Fractional-N Loop Phase Detector 

SCHENTAUC sce ore be spelen ser are ear hernsio pra ea 8-605 
Simplified Pretune D/A Converter 

CIVCUIGS Te cae aot etse uh leintcee si nin cata wows 8-606 
A5A5 Fractional-N Loop VCO Component 

TSOCAUONG eyccvom ccc cio tk sale cin chee Pejn veipraaareiere 8-606 
A5A5 Fractional-N Loop VCO Block 

DIA STAM Bs. 5 praca a3 :atitecaisinvielarcag oie cael 8-607 
A5A5 Fractional-N Loop VCO 

Schematic sass saceeeesweciene secs aayas 8-607 
A5A2 Fractional-N Loop N-Divider 

Component Locations.................. 8-608 
A5A2 Fractional-N Loop N-Divider Block 

Dia erams aissatricenne a cate oo sree aia atari 8-609 
A5A2 Fractional-N Loop N-Divider 

SCHREMANC anc cect ccs sek woe malaise 8-609 


Summing Circuitry Simplified Block 
Diagram Showing the Content of the 
Accumulator after each Reference 


BOKdOd Sesser aes Ga serene esalaievate/ciai cava) 8-610 
State Controller Timing Diagram.......... 8-610 
A5A\I1 Fractional-N Loop Accumulator 

Component Locations.................. 8-610 
A5AI1 Fractional-N Loop Accumulator 

Block! Disigraimers sc wacncsaneencsa eens 8-611 


1 Na 


Contents Model 8662A 
ILLUSTRATIONS (Cont'd) 
Figure Page Figure Page 
8-620. A5A1 Fractional-N Loop 8-640. A3A9 FM Sum Loop Mixer 
Accumulator Schematic ................ 8-611 BlOCKIMIARTAMS aetacieieielastasielelenit etter ele 8-625 
8-621. P/O A8A3 N Loop Divider/Phase 8-641. A8A9 FM Sum Loop Mixer Schematic ..... 8-625 
Detector Component Locations.......... 8-612 8-642. A3A10 FM Sum Loop Phase Detector 
8-622. P/O A3A3 N Loop Divider/Phase Component Locations .............+..-- 8-626 
Detector Block Diagrams............... 8-613 8-643. A383A10 FM Sum Loop Phase Detector 
8-623. P/O A3A3 N Loop Divider/Phase Block Dia pramssesricisiec-clicleecreieis s e/e1sie 8-627 
Detector Schematic...............000005 8-613 8-644. A8A10 FM Sum Loop Phase Detector 
8-624. P/O A3A3 N Loop Divider/Phase Detector SCHEMA UG CHererctetsrercssiere sso. o0s) chess. o.piowuerciensens 8-627 
Component Locations .................. 8-614 8-645. A8A8 FM Sum Loop VCO 
8-625. P/O A8A3 N Loop Divider/Phase Component Locations .................. 8-628 
Detector Block Diagrams ............... 8-615 8-646. A8A8 FM Sum Loop VCO 
8-626. P/O A8A3 N Loop Divider/Phase Blocks Mia gramsyeniec acrscisevereieitiars ecorsien eee 8-629 
Detector Schematic..................00. 8-615 8-647. A3A8 FM Sum Loop VCO Schematic ...... 8-629 
8-627. A38A4 N Loop VCO 8-648. A10 Line Filter Component Locations ..... 8-630 
Component Locations .................. 8-616 8-649. A7A3 Inverter Component Locations ...... 8-630 
8-628. A3A4 N Loop VCO Block Diagrams....... 8-617 8-650. A7A4 Power Supply Mother Board 
8-629. A3A4 N Loop VCO Schematic............. 8-617 Component Locations .................. 8-630 
8-630. A3A5 Sum Loop Mixer Component 8-651. Power Supply Inverter, Mother Board, 
EOCR ULONIS Ee aararetoia aici lays. a.as oe, s15 Ware aisseraievesere 8-618 and Line Filter Block Diagrams......... 8-631 
8-631. A3A5 Sum Loop Mixer Block Diagrams... .8-619 8-652. Power Supply Inverter, Mother Board, 
8-632. A3A5 Sum Loop Mixer Schematic ......... 8-619 and Line Filter Schematics ............. 8-631 
8-633. A3A6 Sum Loop Phase Detector and 8-653. A7A1 Linear Regulator Component 
Pretune Component Locations .......... 8-620 NEOCAUIONS Prey ere poate faerciece aceon cise oe eer 8-632 
8-634. A3A6 Sum Loop Phase Detector and 8-654. A7AI1 Linear Regulator Block Diagrams .. . 8-633 
Pretune Block Diagrams................ 8-621 8-655. A7A1 Linear Regulator Schematic......... 8-633 
8-635. A3A6 Sum Loop Phase Detector 8-656. A7A2 Control Board Component 
and Pretune Schematic ................. 8-621 EOCATION SY reryome tet lersiae oersig oreicroresielereuayeve.s 8-636 
8-636. A38A7 Sum Loop VCO Component 8-657. A7A2 Control Board Block Diagrams...... 8-637 
MUO CATIONS wpeeie cireseiare wiste cls to.sibieve w/hicyscoreyelerars 8-622 8-658. A7A2 Control Board Schematic ........... 8-637 
8-637. A3A7 Sum Loop VCO Block Diagrams ....8-623 8-659. Signal Generator Rear Panel 
8-638. A3A7 Sum Loop VCO Schematic.......... 8-623 EIXplOMed, View. ee ic)s,cic cierain ciwvevers atoslovevecovere.si 8-639 
8-639. A3A9 FM Sum Loop Mixer 8-660. Signal Generator Top Internal View ....... 8-639 
Component Locations .................. 8-624 8-661. Signal Generator Bottom Internal View... . 8-639 
TABLES 
Table Page Table Page 
8-101. Etched Circuit Soldering Equipment...... 8-103 8-210. A2A3 Mod/Level Output Board 
8-102. Schematic Diagram Notes................ 8-118 Siprig Gin Orie ears acetal aia biases 8-211 
8-211. A2A4 Frequency Output Board 
SSID CU ORE Mine Aoeiten § senshi di iwialavavaletavataters 8-211 
8-201. Power Supply Voltages................... 8-202 8-212. A2A6 Microprocessor Board Signatures 
8-202. Failures Associated with External (Topi Gonnector) saws cyan. celde wows « 8-211 
(Connectovemerwerci sn cisecu lh twine witeiow 8-203 8-213. A2A6 Microprocessor Board Signatures 
8-203. Status Code Descriptions................. 8-204 (Bottomi@onnectors) <i. .ts ec. ds sav even 8-211 
8-204. Special Function Status Codes ........... 8-205 8-214. Memory and Indicator Diagnostic Test 
BOS abr OL COd erate scdas.o spinels piciolelaisieiew's'aiplein ote 8-207 RSL SCONE etre n ces tines ect ins bids wre 8-213 
8-206. Diagnostic Program Summary ........... 8-207 8-215. ROM Test Error Codes .................-: 8-213 
8-207. AGA9 ROM Signatures................... 8-209 8-216. RAM Test Error Codes ................00 8-213 
8-208. A2A4 Output Signatures ................. 8-209 8-217. Reference Section Variable Frequency 
8-209. A2A2 Sweep Board Signatures ........... 8-211 SOMA Bio are as ie Saree smi hod cts 8-215 
vi 


Model 8662A 


Table 


8-218. 
8-219. 


8-220. 


8-221. 


8-222. 


8-223. 
8-224. 


8-225. 


Contents 
TABLES (Cont'd) 
Page Table Page 
HF Loops Input Signals.................. 8-216 8-226. Output Bands for Three Front Panel 
Output Sum Loop VCO Pretuning Frequency Settings ...............0000- 8-218 
CheckiCA SAW reves cre sieves chess cistets cravers) sterateere 8-216 8-227. RF Output Level Vs Detector Output 
Reference Sum Loop VCO Pretuning WGC G6 2.2 ae Axe renananievesn 8-218 
C@hecki CASA) 55 5:0/s'e a sev yele vvnsevesct acl orevereeerete 8-216 8-228. PIN Modulators Output Levels ........... 8-218 
Reference Sum Loop Variable Frequency 8-229. AM Problem Isolation..............+2+6+- 8-218 
SIRNAS eco tos tiera/tclaticie shy tiale + simalere ohete eee 8-217 8-230. Phase Difference Vs Reference Periods ...8-222 
Frequency Bands Derived from the 8-231. Fractional-N Loop Troubleshooting....... 8-222 
BASIC ANG) eravevereo iors sicnelebovas crcteuneete eke 8-218 8-232. IF Signal Vs Frequency Detector 
RF Output Section Input Signal Levels ...8-218 COM Geet, Cty i ear a ae 8-225 
RF Output Level Setting Vs 8-233. +5.2V Test Point Conditions.............. 8-226 
POWer OVO. ce cicieses.co crs ers siee ee searchers 8-218 8-234. Linear Regulator Voltages ..............- 8-227 
A4A4 Distributor Assembly Frequency 
Ws Power Levelcieccccccretese ves cusisiens,00e1a) oxereietens 8-218 


Safety Considerations 


Model 8662A 


SAFETY CONSIDERATIONS 


GENERAL 


This product and related documentation must be re- 
viewed for familiarization with safety markings and 
instructions before operation. 


This product is a Safety Class I instrument (provided 
with a protective earth terminal. 


BEFORE APPLYING POWER 


Verify that the product is set to match the available line 
voltage and the correct fuse is installed. 


SAFETY SYMBOLS 


Instruction manual symbol: the product will be 
marked with this symbol when it is necessary 
for the user to refer to the instruction manual 

5 (refer to table of contents). 
ak 


Indicates hazardous voltages. 


Indicates earth (ground) terminal. 


The WARNING sign denotes a 

WARNING hazard. It calls attention to a pro- 
cedure, practice, or the like, which, if 

not correctly performed or adhered to, could result in 
personal injury. Do not proceed beyond a WARNING 


sign until the indicated conditions are fully understood 


and met. 
CAUTION hazard. It calls attention to an oper- 
ating procedure, practice, or the like, 
which, if not correctly performed or adhered to, could 
result in damage to or destruction of part or all of the 
product. 


Do not proceed beyond a CAUTION sign until the indi- 
cated conditions are fully understood and met. 


The casual operator should not replace the LINE fuse. 
Replacing this fuse in a damaged Generator might 
cause additional damage. A qualified service person 
should first determine the cause of its failure, specifi- 
cally with resistance checks in the power supply (see 
Service Sheet 55); repair the failure and then replace the 
fuse. 


Do not unplug the A4A7 AGC board or the A4A9 Modu- 
lation board unless the instrument is unplugged or 
switched to standby. The A4A7 and A4A9 boards con- 
tain CMOS devices which may be damaged if the board 
is removed when the power is on. 


The CAUTION sign denotes a 


RF testpoints on some pc boards (that is, the small 
two-contact cup connectors) require ac-coupling to test 
equipment. DC-coupling might damage the Generator 
or the test equipment. Use the ac-coupled RF Test Probe 
in the 11714A Service Accessory Kit. 


Maintenance described in this section is performed with 
power supplied to the instrument and with protective 
covers removed. Maintenance should be performed only 
by service trained personnel who arc aware of the 
hazard involved (for example, fire and electrical shock). 
Where maintenance can be performed without power 
applied, the power should be removed. 


When working on the power supply, remember that 
high voltage is present at all times when the line cord is 
plugged in (that is, plus and minus 160 Vdc and line 
voltage). Unplug the line cord before doing anything to 
the power supply. The line switch has no effect on the 
high voltage. 


A pin-to-pin voltage difference of 60 Vdc may be found 
on many of the Generator’s circuit board connectors. Be 
careful while working on the circuit boards with power 
supplied to the instrument. If a circuit board is placed on 
an extender board, the possibility of coming in contact 
with 60 Vdc is greatly increased. Be careful while work- 
ing on the circuit boards with power supplied. Work 
with one hand. Do not touch the extender board. 


Capacitors inside the instrument may still be charged 
even if the instrument has been disconnected from its 
source of supply. 


Any interruption of the protective (grounding) con- 
ductor (inside or outside the instrument) or disconnect- 
ing the protective earth terminal will cause a potential 
shock hazard that could result in personal injury. 
(Grounding one conductor of a two conductor outlet is 
not sufficient protection). 


Whenever it is likely that the protection has been 
impaired, the instrument must be made inoperative and 
be secured against any unintended operation. 


If this instrument is to be energized via an autotrans- 
former (for voltage reduction) make sure the common 
terminal is connected to the earth terminal of the power 
source. 


When working near the back of the Generator, take care 
not to let long hair be drawn into the fan. This could 
result in personal injury. 


For continued protection against fire hazards, replace 
the LINE and OVEN fuses only with 250V normal blow 
fuses with the same current rating. Do not use repaired 
fuses or short circuited fuseholders. 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION 


This section contains troubleshooting and repair 
information for the HP Model 8662A Synthesized 
Signal Generator. This section includes dia- 
grams, circuit descriptions, troubleshooting in- 
structions, component locators and disassembly 
instructions. 


The remaining sections of the Operating and Ser- 
vice Manual are in Volume 1. They are General 
Information, Installation, Operation, Perfor- 
mance Tests, Adjustments, Replaceable Parts and 
Manual Changes. 


8-2. INSTRUMENTS COVERED BY MANUAL 


The contents of this manual apply to instrun.cnts 
with the serial number prefix(es) listed unaer 
SERIAL NUMBERS on the title page for Volume 
2. A Manual Changes supplement for Volume 2 is 
provided to document instruments with prefixes 
higher than those on the title page. Section VII 
Part 2 (in Volume 2) is provided to document 
instruments with prefixes lower than those on the 
title page. 


8-3. CIRCUIT DESCRIPTIONS 


The Signal Generator’s circuitry is described at 
three distinctly different levels. 


1. Service Sheet A contains an overview of the 
entire Generator. 


2. Service Sheets B through I contain block dia- 
gram level descriptions of functional sections 
within the Generator. 


3. Service Sheets 1 through 57 contain detailed 
component-level descriptions of the circuitry 
within the functional sections. 


8-4. TROUBLESHOOTING 
8-5. General 


The troubleshooting strategy employed in this 
manual is described in the introduction to Service 
Sheet A (in the Block Diagrams section). 


8-6. Status Light and Status Codes 


The STATUS light is a valuable troubleshooting 
aid but it should be used in conjunction with the 
other troubleshooting information in this manual. 
Its use and its numeric codes are described oppo- 
site Block Diagram A. 


8-7. Signature Analysis 


Signature analysis is a simple method of verifying 
the operation of digital circuitry. When properly 
used, signature analysis can detect extremely sub- 
tle hardware faults. Signatures must identically 
match those given in the signature tables located 
opposite the schematics. If everything is working 
correctly, signatures will all match exactly. If they 
don’t match, by even one digit, something is 
wrong. 


With the Generator’s internal signature analysis 
routine, the signature analyzer’s test probe is used 
to check nodes in the circuit under test. The signa- 
ture analyzer converts the signals at the nodeinto 
a four digit ‘signature’, which it displays. The 
signature is then compared to the signature in the 
troubleshooting checks adjacent to the appro- 
priate schematic. These two signatures must be 
identical. 


Signature analysis can be speeded up if the follow- 
ing considerations are kept in mind: 


1. Make sure that every step is performed as des- 
cribed in the set-up procedure. That is, make 
sure that theclock, start, and stop connections 
and triggering are correct. 


Page Numbering 
Pages in Section VIII are numbered in groupings of one hundred by subsection. This first 


subsection, thatis “General Service Information ’”’, is the 8-100-grouping; the block diagrams are 
the 8-200-grouping; the DCU service sheets are the 8-300-grouping, etc. 
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Signature Analysis (Cont'd) 
2. Double-check that the signatures are being 
taken at the correct node. 


3. Makesure thatthe signature analyzer probeis 
making good contact with the pin being 
checked. Oxidation on pins can cause invalid 
signatures due to poor contacts. 


4. When you think that you have found a bad 
signature, double check to make sure. 


5. Whenchecking anode, check that the unstable- 
signature indicator is not blinking. 


8-8. RECOMMENDED TEST EQUIPMENT 


Table 1-3 (in Volume 1) lists the equipment re- 
quired for maintaining the Generator. The Criti- 
cal Specification column describes the essential 
requirements for each piece of test equipment. 
Other equipment can be substituted if it meets or 
exceeds these critical specifications. 


The Recommended Model column may suggest 
more than one model. The first model shown is 
usually the least expensive, single-purpose model. 
Alternate models are suggested for additional fea- 
tures that would make them a better choice in 
some applications. For example, reasons for 
recommending an alternate model might be: 


e HP-IB programmability 

e Multi-function capability (that is, one 
model can replace two or more single- 
purpose models) 


Table 1-4 presents the advantages of the alternate 
suggestions. 


8-9. SERVICE TOOLS AND AIDS 
8-10. Service Accessory Kit 


A service accessory kit, Hewlett-Packard acces- 
sory number 11714A, is required for servicing and 
troubleshooting the Signal Generator. The service 
kit contains extender boards, connectors, cables, 
adapters and other service aids. For more details 
on the service accessory kit, see Table 1-5 in 
Volume 1. 


8-11. Parts Locations 


The locations of individual components mounted 
on printed circuit boards or other assemblies are 
shown adjacent to the schematic diagram on the 
appropriate service sheet. The part reference desig- 
nator is the assembly designator plus the part 
designator. For example, A6R9 is R9 on the A6 
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assembly. For specific component descriptions 
and ordering information, refer to Table 6-3, Re- 
placeable Parts in Volume 1. Chassis and frame 
parts, as well as mechanical parts, are identified 
on:Figures 6-1 through 6-4. 


8-12. Test Points and Adjustment Locations 


Most test points and adjustments are indicated on 
the top covers of the individual assemblies. Test 
points and adjustments can also be found on the 
component locator photograph adjacent to the 
particular assembly’s schematic. 


8-13. Service Aids on Printed Circuit Boards 


Service aids on printed circuit boards include test 
points, indicator lights, transistor and integrated 
circuit and relay designations, adjustment names, 
and assembly part numbers. 


8-14. Pozidriv Screwdrivers 


Many screws in the instrument appear to be Phil- 
lip’s types, but are not. To avoid damage to the 
screw slots, Pozidriv screwdrivers should be used. 
HP 8710-0899 is the No. 1 Pozidriv. HP 8710-0900 
is the No. 2 Pozidriv. 


8-15. Tuning Tools 


For adjustments requiring non-metallic tuning 
tools, use the HP 8710-0033 blade tuning tool or the 
HP 8710-1010 (JFD Model No. 5284) hex tuning 
tool. For other adjustments an ordinary small 
screwdriver or suitable tool is sufficient. No mat- 
ter which tool is used, never force any adjustment 
control. This is especially critical when adjusting 
variable inductors or capacitors. 


8-16. Silver Solder 


Silver solder must be used whenever soldering 
mono-block capacitors and resistors (small, lead- 
less components) to printed circuit boards. This 
restriction is due to the lower temperature require- 
ments of the components. A small amount of silver 
solder is first applied to the printed circuit board at 
the mono-block connection points. The component 
is then laid down on the board with its silvered 
ends touching the pre-soldered printed circuit tra- 
ces. Just enough heat must then be applied to the 
solder to make it melt and adhere to the ends of the 
block. 


8-17. REPAIR 
8-18. Factory-Selected Components (*) 


Some component values are selected at the time of 
final checkout at the factory (see Table 5-1 in 


Model 8662A 


Factory-Selected Components (*)(Cont’d) 


Volume 1). These values are selected to provide 
optimum compatibility with associated compo- 
nents. These components are identified on indi- 
vidual schematics and the parts list by an asterisk 


(*): 
8-19. Manual Backdating (+) 


A dagger (+) by an item of service information 
means that information is different for Genera- 
tors with serial number prefixes lower than the 
one that this manual applies to directly. Table 7-1 
in Volume 1 lists the backdating changes by serial 
number prefix. The backdating changes are con- 
tained in Section VII. Recommended modifica- 
tions are also contained in Section VII. 
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8-20. Disassembly Procedures 


Procedures for removal of the top, bottom and side 
covers, and the front and rear panels of the 
instrument are described on the last foldout in 
Volume 2. The descriptions for disassembly of the 
rear panel is accompanied with an IPB (thatis, an 
Illustrated Parts Breakdown). Additional IPB’s 
are located at the end of Section VI (Replaceable 
Parts) in Volume 1. 


8-21. Post-Repair Adjustments and 
Performance Tests 


Table 5-2 (in Volume 1) describes the adjustment 
procedures that are related to repair or replace- 
ment of individual assemblies. Table 4-1 (also in 
Volume 1) describes the performance tests that are 


Table 8-101. Etched Circuit Soldering Equipment 


Soldering, Wattage: 35W 


Heat Staking 


Soldering Tool 


To remove 
excess flux from 
soldered area 
before applica- 
tion of protective 
coating 


Solder Component 
replacement; 
Circuit Board 
repair wiring 

Silver Solder Mono-block 


Rosin (flux) 
Solvent 


preferred. 


replacement 


a oa Specification Item Recommended HP Part No. 


Tip Temp.: 390°-440°C 
(735°-825°F) 


Soldering Tip Soldering, * Shape: Chisel * Ungar PL113 8690-0007 
Unsoldering 
Soldering Tip Heat Staking Shape: Cupped HP 5020-8160 or modified 5020-8160 
Ungar PL111 (See figure 8-2) 


De-Soldering To remove Suction Device Soldapullt by Edsyn Co., 
Aid molten solder Van Nuys, CA 91406 
from connection 


Must not dissolve etched 8500-0232 
8090-0607 
(SWG) 0.048 in. diameter 


circuit base board 


Rosin (flux) core, high 
tin content (63/37 
tin/lead), 18 gauge 


Rosin (flux) core, silver 
saturated tin/lead alloy 
0.031 in. diameter. 


* For working on circuit boards; for general purpose work, use No. 555 Handle (8690-0261) and No. 4037 Heating Unit 471/2 - 561/72 W (HP 
8690-0006); tip temperature of 850° - 900°F; and Ungar No. PL113 1/s" chisel tip. 


Ungar No. 135 
Ungar Division 
Eldon Ind. Corp. 
Compton, CA 90220 


8690-0167 
8690-0060 


X25 Rosin Core DIVCO 233 
Division Lead Co. 
Summit, IL 60501 


8090-0022 


8-103 


Service 


Post-Repair Adjustments and Performance 
Tests (Cont'd) 


related to repair or replacement of individual 
assemblies. 


8-22. Post-Service Product Safety Checks 


Visually inspect interior of instrument for any 
signs of abnormal internally generated heat, such 
as discolored printed circuit boards or compo- 
nents, damaged insulation, or evidence of arcing. 
Determine and remedy cause of any such condi- 
tion. 


Using a suitable ohmmeter, check resistance from 
instrument enclosure to ground pin on power cable 
plug. The reading must be less than one ohm. Flex 
the power cable while making this measurement 
to determine whether intermittent discontinuities 
exist. 


Check any indicated front or rear panel ground 
terminals marked, using the above procedure. 


Check resistance from instrument enclosure to the 
line and neutral (tied together) with the power 
switch on and the power source disconnected. The 
minimum acceptable resistance is two megohms. 
Replace any component which results in a failure. 


8-23. Etched Circuits (Printed Circuit Boards) 


The etched circuit boards in the Generator have 
plated-through holes which make a solderable 
path through to both sides of the insulating mate- 
rial. Soldering can be done from either side of the 
board with equally good results. When soldering 
to any circuit board, keep in mind the following 
recommendations: 


1. Avoid unnecessary component substitution. 
Substitution can result in damage to the cir- 
cuit board and/or adjacent components. 


2. Do not use a high-power soldering iron on 
etched circuit boards. Excessive heat may lift 
a conductor or damage the board. 


3. Use a suction device or wooden toothpick to 
remove solder from component mounting 
holes. DO NOT USE A SHARP METAL OB- 
JECT SUCH AS AN AWL OR TWIST DRILL 
FOR THIS PURPOSE. SHARP OBJECTS 
MAY DAMAGE THE PLATED-THROUGH 
CONDUCTOR. 
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8-24. MOS and CMOS Integrated 
Circuit Replacement 


MOS and CMOS integrated circuits are used in 
this instrument. They are prone to damage from 
both static and transients and must be handled 
carefully. When working on the Generator, keepin 
mind the following recommendations to avoid 
damaging these sensitive components. 


1. Donotremove any board unless the Generator 
has been turned off or unplugged. 


2. When removing a socketed MOS or CMOS 
device from an assembly, be careful not to 
damageit. High-grip sockets are used through- 
out the instrument. Avoid removing devices 
from these sockets with pullers. Instead, use a 
small screwdriver to pry the device up from 
one end, slowly pulling it up one row of pins at 
a time. 


3. Once a MOS or CMOS device has been re- 
moved from an assembly, immediately stick it 
into a pad of conductive foam or other suitable 
holding medium. 


4. When replacing a MOS or CMOS device, 
ground the foam on which it resides to the 
instrument before removing it. If a device 
requires soldering, make sure that the assem- 
bly is lying on a sheet of conductive foam, and 
that the foam and soldering iron tip are 
grounded to the assembly. Apply as little heat 
as possible. 


5. Beforeturning the instrument off, remove any 
large ac sources which may be driving MOS 
switches. 


8-25. LOGIC SYMBOLOGY 
8-26. Basic Definitions 


The logic symbols used in this manual are based 
on the American National Standard Institute 
(ANSI) Y82.14-1973, “Graphic Symbols for Logic 
Diagrams (Two State Devices)”. A summary of 
this symbology is provided to aid in interpreting 
these symbols. 


This section includes a brief description of the 
basic logic symbols used on the service sheets (see 
Figure 8-101), a summary of indicator symbols 
(see Figure 8-102), a discussion of contiguous 
blocks, control blocks, and dependency notation, 
and asummary of symbology for some of the more 
complex devices. 


Qualifiers. Qualifiers are that portion of a device 
symbol that denotes the logic function. For exam- 
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Xx 
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OUTPUTS (TTL) 
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NAND GATE 


A ss y 
B 


OR GATE WITH 
INVERTED INPUTS 


LP ae 


NOR GATE 


X 
B 
AND GATE WITH 
INVERTED INPUTS 


BUFFER 


INVERTER 


OPEN EMITTER 
OUTPUTS (ECL) 


< 
EXTERNAL 
PULL-UP REIS 
RESISTOR 


EXTERNAL : 
PULL-DOWN ou 
RESISTOR 


Figure 8-101. Basic Logic Symbols and Qualifiers 
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ACTIVE LEVELS 
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ACTIVE HIGH inputs and outputs are indicated by the 
absence of the polarity indicator symbol. 


ACTIVE LOW inputs and outputs are indicated by the 
presence of the polarity indicator symbol( t& ). 


EDGE SENSITIVE INPUTS 
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NEUE A a 
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Y\ 

Low-to-High OUTPUT '! 
Edge Sensitive I | 

| 
Y| 
High-to-Low OUTPUT Vi 
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EDGE SENSITIVE (low-to-high) inputs are indicated by the 
presence of the dynamic indicator symbol (—p ). 


EDGE SENSITIVE (high-to-low) inputs are indicated by the 
presence of both the dynamic indicator and the polarity 
indicator symbols (—™} ). 
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OUTPUT DELAY indicatorsymbol( ~] )shows thatthe 
output becomes effective after the input signal returns to 
its inactive state. 


INHIBIT INPUTS 


inte” 
ae 


INHIBIT indicator symbol (+) indicates an input that, when 
active, inhibits (blocks) the output(s) from achieving their 
active states (the outputs remain inactive). 


ANALOG LINES 


ANALOG indicator symbol (X) indicates a line that has an 
analog input or output. 


Figure 8-102. Indicator Symbols 
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Basic Definitions (Cont'd) 

ple, “&’’ denotes the AND function. See Figure 
8-101 fora summary of the basic logic symbols and 
their qualifiers. 


Power supply and ground connections are not 
shown on the symbols. This information is tabu- 
lated on the right margins of the service sheets. 


Indicator Symbols. Indicator symbols identify the 
active state of a device’s input or output, as shown 
in Figure 8-102. 


Contiguous Blocks. Two symbols may share a 
common boundary parallel or perpendicular to the 


NO LOGIC =o 
CONNECTION 


Service 


direction of signal flow. Note that in the examples 
shown in Figure 8-103, there is generally no logic 
connection across a horizontal line, but there is 
always an implied logic connection across a vertical 
line. Notable exceptions to this rule are the horizon- 
tal lines beneath control blocks and between sec- 
tions of shift registers and counters (dividers). 


Dependency Notation. Dependency Notation simpli- 
fies symbols for complex integrated circuit elements 
by defining the interdependencies of inputs or out- 
puts without actually showing all the elements and 
interconnections involved (see Figures 8-104 


LOGIC 
CONNECTION 


Figure 8-103. Contiguous Blocks 


The input that controls or gates 
other inputs is labeled with a C or 
a G, followed by an identifying 
number. 

The controlled or gated input or 
Output is labeled with the same 
number. In this example, 1 is 
controlled by G1. 


When the controlled or gated 
input or output already has a 
functional label (X is used here), 
that label will be prefixed or 
subscripted by the identifying 
number. 


If a particular device has only 
One gating or control input, then 
the identifying number may be 
eliminated and the relationship 
shown with a subscript. 


If the input or output is affected 
by more than one gate or control 
input, then the identifying num- 
bers of each gate or control input 
will appear in the prefix or sub- 
script, separated by commas. In 
this example, X is controlled by 
G1 and G2. 


Figure 8-104. AND Dependency Notation 
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When GA is active, the active address line (0 
through 3) is the decoded value of the 1 and 2 binary 
inputs. When the controlled address lines have a 
functional value, that value will be prefixed or sub- 
scripted by the identifying letter. 


When a V input is active, the output will be in its active state. 
With the V input inactive, the device functions as if the V input 


doesn't exist. 


When an F input is active, the output is enabled to func- 
tion normally. When an F input is inactive, the output becomes 
a high impedance, effectively removing that device from 


2 the circuit. 


3-STATE The 3-STATE label is sometimes used with the free dependency 


notation. 


2) 


Figure 8-106. OR and Free Dependency Notation 


Basic Definitions (Cont'd) 

through 8-106. The following examples use the let- 
ter A for address, C for control, G for AND, V for 
OR, and F for free dependencies. The dependent 
input or output is labeled with a number that is 
either prefixed (e.g., 1X) or subscripted (e.g., X1). 
They both mean the same thing. Note that many 
times a controlled line may already be labeled 
with a number that indicates input or output 
weighting (for example, in a coder). In this case, 
the controlling or gating input will be labeled with 
a letter (see Figure 8-105). 


Common Control Block. The Control block is used 
in conjunction with an array of related symbols in 
order to group common logic lines. Figure 8-107 
shows how the Control block is usually repres- 
ented. Figure 8-108 shows a quad D-type flip flop 
with reset. This can be redrawn as shown in Fig- 
ure 8-109. Note that the more complex representa- 
tion shown in Figure 8-108 can be used when the 
flip flops are functionally scattered around the 
schematic (i.e., not used as a quad unit). 


8-108 


fon BLOCK 


Figure 8-107. Common Control Block 


8-27. Complex Device Symbology yy 


Figures 8-110 through 8-113 show how the basic 
symbols can be combined to illustrate behavior of 
fairly complex devices. 


Model 8662A Service 


“a” and “b” are each single IC pins that have two 
functions. Input “a” enables one of the inputs to 
the top D-type flip-flop (1D) and also shifts the 
register contents down “m” units. Input “b” ena- 
bles one of the inputs to the bottom flip-flop (2D), 
and also shifts the register contents up ‘‘m” units. 
Input “c” loads all four flip-flops in parallel (3D). 
Input “d” is a common reset. The output delay 


Figure 8-110. Shift Register 


nO 


1 
2 
Figure 8-109. Quad D-Type Latch (Combined) 
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Complex Device Symbology (Cont’d) 


Shift Register. The Shift Register Control Block is 
used to show common inputs to a bidirectional 
& shift register. Notice that ‘““—m’”’ means shift the 
contents to the right or down by “m” units. And 
“‘—m”’ means shift the contents to the left or up by 
“m” units. Note: Ifm =1, it may be omitted. Inputs Figure 8-111. AND-OR Selector 


no — 
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Complex Device Symbology (Cont'd) 


indicator is used because these are master slave 
flip-flops. 


AND-OR Selector. The Selector Control Block is 
used to simplify the AND portion of a quad AND- 
OR select gate. When G1 is high, the data pres- 
ented at the “1” inputs will be gated through. 
When G2 is high, the data presented at the “2” 
inputs will be gated through. 


Up/Down Counter. The Counter Control Block is 
used to show common inputs to a Presettable 
Decade Up/Down Counter. Notice that “+m” 
means count up (increment the count) by “m”; 
““m”’ means count down by “‘m”’. Note: if m = 1, it 
may be omitted. Since the D-type flip-flops are 
master-slave, the output delay indicator is used. 
The “=9, +1” and ‘‘=0, -1” notation defines when 
the carry and borrow outputs are generated. They 
also define it as a decade counter; a binary counter 
would have the carry indicated with “=15, +1”. 
Flip-flop weighting is indicated in parenthesis. 
Input “C1” allows all four “D1” flip-flops to be 
preset in parallel. 


Figure 8-112. Up/Down Counter 


Quad D-Type Latch. The Register control block is 
used to illustrate a quad D-type latch. There is a 
common active-low reset (R), and a common edge- 
triggered control input (C). Since there is only one 
dependency relationship, the controlling input is 
not numbered and the controlled functions (D) are 
subscripted with a C. 
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Figure 8-113. Quad D-Type Latch 


8-28. LOGIC DEVICE THEORY 
8-29. Schmitt Trigger 


Atypical Schmitt trigger is shown in Figure 8-114. 
Some Schmitt triggers have complimentary out- 
puts. When the input signal increases in voltage, 
the device changes state as the input surpasses a 
voltage reference called the upper trip point. When 
the input signal is decreasing in voltage, the 
device changes back to its original state as the 
input voltage passes a voltage reference called the 
lower trip point. 
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Figure 8-114. Schmitt Trigger 
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8-30. One-Shot Multivibrator 


The one-shot or monostable multivibrator, when 
triggered, produces a pulse of pre-programmed 
length. The length of the pulse is determined by 
the external resistor (R) and capacitor (C). See 
Figure 8-115. 
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Figure 8-115. One-Shot Multivibrator 


8-31. D-Type Flip-Flop (Edge-Triggered) 


D-type flip-flops are used for temporary storage of 
one bit of binary data. The DC input is stored and 
transferred to the output at X when the control 
input (C) gives a low-to-high transition. Y is the 
complement of X (i.e., Y=X). The S and Rinputs set 
(S) and reset (R) the outputs independent of the 
control input status. Only one of these inputs is 
normally active ata time. If both are active, then X 
and Y are either both high or both low, depending 
on the particular device used. See Figure 8-116. 


DATA NON-INV 
INPUT (ACTIVE 
CONTROL HIGH OUTPUT) 


INVERTING 
(ACTIVE LOW 
OUTPUT) 


Figure 8-116. D-Type Flip-Flop (Edge-Triggered) 


8-32. Four-Bit Register (Level-Triggered) 


A four-bit register is used for temporarily storing 
four bits of binary data. Data at the D inputs are 
stored when clocked by the C control input. Data 
at the Do inputs are stored when clocked by the C2 
control input. The outputs follow the inputs as 


Service 


long as the control inputs remain high. When the 
control inputs are low, the data that was present at 
the D inputs (when the control inputs were low) are 
retained (latched) at the outputs until the control 
inputs go high again. See Figure 8-117. 


CONTROL 
INPUTS 


Figure 8-117. Four-Bit Register (Level-Triggered) 


8-33. Presettable Counter 


Presettable counters consist of four D flip-flops 
which are internally connected to provide a divide- 
by-two and a divide-by-five counter for a BCD 
counter or a divide-by-two and a divide-by-eight 
for a hexadecimal counter. The outputs of these 
devices can be preset to any state by placing alow 
on the load/count (C) input and applying the 
desired data to the D inputs. As long as the load 
/count input is low, the outputs will follow the D 
inputs. When the load/count input is set high the 
outputs are latched to the preset values, and the 
output will advance one count with each low-to- 
high transition of the clock. The reset (R) function 
is asynchronous. See Figure 8-118. 


8-34. Three-Bit Binary One-of-Eight Decoder 


This device selects an output line (1-of-8) corres- 
ponding to the value of the binary input. For 
example, to make the 5G output go low, a binary 
101 must be presented to the select inputs. For the 
output to reflect the weighted binary input, all 
three lines to the control section must be active. 
See Figure 8-119. 
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Figure 8-118. Presettable Counter 
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Figure 8-119. Three-Bit Binary One-of-Eight Decoder 


8-35. Analog Multiplexer 


This device is the electonic version of a single-pole- 
eight-throw (SP8T) switch. The binary code at the 
select inputs determines which analog input (1-of-8) 
will be routed to the output. The output is enabled 
by the F input. See Figure 8-120. 
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Figure 8-120. Analog Multiplexer 


8-36. Digital-to-Analog Converter 


The Digital-to-Analog Converter is used with an 
operational amplifier to provide digital control of 
an analog signal. The analog source (thatis, VREF) 
can be either ac or de. The Digital-to-Analog Con- 
verter produces a variable current output where 
maximum current is produced when Y=1000. The 
output of the operational amplifier is a voltage 
directly proportional to Vrer and the value of Y. 
See Figure 8-121. 


Figure 8-121. Digital-to-Analog Converter 
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8-37. Four-Bit BCD Summer 


This device produces the BCD sum of two decimal 
numbers presented in the 8-4-2-1 weighted BCD 
format. Carry Output and Carry Input are pro- 
vided for cascading. For valid BCD numbers (0 to 
9) at the inputs the BCD sum is formed at the 
outputs. Input numbers 10 to 15 yield a valid BCD 
number plus a carry. See Figure 8-122. 


INPUTS 


Figure 8-122. Four-Bit BCD Summer 


8-38. Divide-by-10/11 Prescaler 


The +10/11 Prescaler will divide by 10 or 11 (see 
Figure 8-123). The mode control inputs (pins 2 and 
8) control the division ratio. The Prescaler pro- 
vides both ECL and TTL outputs. The bias input 
(Pin 15) has a 4000 resistor connected internally 
to the Vas. Connecting this resistor to the Tg input 
(pin 16) provides capacitive coupling and auto- 
matically centers the input signal about the 
switching threshold. An operating mode table is 
also provided in the Figure, showing the functions 
of the Gate and Set inputs. 


8-39. Eight-to-Three Line Priority Encoder 


The device shown in Figure 8-124 produces a three- 
line binary weighted output as a result of one 
active input. If more than one input line is active, 
the output will be the binary equivalent of the 
highest valued input (for example, if the input 
lines B4 and B6 are both active, the output would 
be 110 or binary 6). Two additional outputs are 
provided: oneis active when any data line and GB 
are active; the other output is active when only GB 
is active. All lines are active-low. 
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Figure 8-124. Eight-to-Three Line Priority Encoder 


8-40. Random Access Memory (RAM) 


The device shown in Figure 8-125 is a 256 by 4-bit 
static memory. Each of the 4-bit memory loca- 
tions are addressed by the eight address lines. 
Both F inputs must be low to enable either memory 
mode (that is, “write” or “read”’). When either F 
input is high the Data lines are in the three-state 
condition (that is, high impedance). The Data 
Inputs and Outputs are shown functionally as 
separate lines. However, each Input-Output func- 
tion occurs physically on one pin. 
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Figure 8-125. Random Access Memory (RAM) 


Random Access Memory (RAM) (Cont'd) 


Write. To “write” into memory from the Data lines, 
an address must be set and the F, G3, and G4 lines 
must be low. 


Read. To “read” from memory to the output 
latches (FF) and then to the Data lines, an address 
must be set, G2 must be high, and the F and G4 
lines must be low. 


8-41. Read-Only Memory (ROM) 


The device shown in Figure 8-126 has 512 prepro- 
grammed 8-bit memory locations. The memory 
locations are addressed by the nine binary ad- 
dress lines. The F input must be low to enable the 
Data Outputs. Otherwise, the outputs are in the 
three-state conditon (that is, high impedance). 


8-114 


8-42. Analog Switch 


The analog switch is a bi-directional device, as is 
indicated by the double-ended arrow. The F1 input 
is the gate. F1 indicates the input and output 
(labeled with “1’s”) are dependent on this input. 
See Figure 8-127. 


8-43. Analog Multiplexer 


The device shown in Figure 8-128 is an electronic 
version of a Single-Pole-Eight-Throw switch 
(SP8T). The binary code at the Select Inputs 
determines which analog signal, 0 through 7, 
will be routed to the output. The F input must be 
low to enable the output. Otherwise, the output 
will be in the three-state condition (that is, high 
impedance). 
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Figure 8-126. Read-Only Memory (ROM) 


Figure 8-127. Analog Switch 


8-44. Phase-Frequency Detector 


The device shown on the left side of Figure 8-129 
can also be shown as itis on the right. It contains 
two RS flip-flops. The reference and variable sig- 
nals drive the Set inputs. The latched outputs are 
AND?’ed to reset the flip-flops. 


The output signal for two out-of-phase input sig- 
nals (or two signals of different frequency) would 
be a pulse on one line due to the first flip-flop being 
set. The pulse width would be equal to the time 
difference between the two active Set inputs. 
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Figure 8-128. Analog Multiplexer 


When the second flip-flop is set, the AND function 
is completed and both flip-flops are reset. The 
second output would have a fast spike due to the 
small propagation delay of the AND and Reset 
functions. 


8-45. LINEAR DEVICE THEORY 
8-46. Operational Amplifiers 


The source of gain in an operational amplifier can 
be characterized as an ideal, differential voltage 
amplifier having low ouput impedance, high input 
impedance, and very high differential gain. The 
output of an operational amplifier is proportional 
to the difference in the voltages applied to the two 
input terminals. In use, the amplifier output drives 
the input voltage difference close to zero through a 
feedback path. 

When troubleshooting an operational amplifier 
circuit, measure the voltages at the two inputs; the 
difference between these voltages should be less 
than 10 mV. (Note: this troubleshooting procedure 
will not work for operational amplifiers which are 
configured as comparators.) A difference voltage 
much greater than 10 mV indicates trouble in the 
amplifier or its external circuitry. Usually, this 
difference will be several volts and one of the 
inputs will be very close to one of the supply vol- 
tages (e.g., +15V or -15V). 

Next, check the amplifier’s output voltage. It will 
probably also be close to one of the supply voltages 
(e.g., ground, +15V or-15V). Check to see that the 
output conforms to the inputs. For example, if the 
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Figure 8-129. Phase-Frequency Detector 


Operational Amplifiers (Cont’d) shows a non-inverting buffer amplifier with gain 
of 1. Figure 8-131 is a non-inverting amplifier with 
gain determined by R1 and R2. Figure 8-132 is an 
inverting amplifier with a gain determined by R1 
and R2. 


inverting input is more positive than the non- 
inverting input, the output should be negative; if 
the non-inverting input is more positive than the 
inverting input, the output should be positive. If 
the output conforms to the inputs, check the 


amplifier’s external circuitry. If the amplifier’s 8-47. Comparators 


output does not conform to its inputs, itis probably Comparators are used as level sense amplifiers, 
defective. switch drivers, pulse height discriminators, and 

voltage comparators. A voltage reference is con- 
Figures 8-130, 131, and 132 show typical opera- nected to one of the amplifier’s outputs as shown 


tional amplifier configurations. Figure 8-130 in Figures 8-133 and 134. When the input signal 


OUTPUT 


OUTPUT 


INPUT IMPEDANCE — VERY HIGH 
INPUT IMPEDANCE-VERY HIGH OUTPUT IMPEDANCE — VERY LOW 
OUTPUT IMPEDANCE-VERY LOW 


Figure 8-130. Non-Inverting Amplifier (Gain = 1) Figure 8-131. Non-Inverting Amplifier (Gain = 1 + R1/R2) 
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= external biasing. The figure shows two of the 

& common biasing arrangements and the internal 

fh circuitry of the device. The minus sign at pin 8 

indicates signal inversion relative to the input. 

OUTPUT The plus sign at pin 5 (or the omission of the minus 
sign) indicates non-inversion. 


INPUT IMPEDANCE — R2 
OUTPUT IMPEDANCE — VERY LOW 


Figure 8-132. Inverting Amplifier (Gain =—R1/R2) 
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Figure 8-133. Non-Inverting Comparator 
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Figure 8-134. Inverting Comparator 


-V 


Comparators (Cont'd) 


voltage crosses the reference, the output goes posi- 
tive; the output remains positive until the signal 
re-crosses the reference. 


Figure 8-135. Limiter (Transistor Array) 


@ 8-48. Limiter (Transistor Array) 
The limiter shown in Figure 8-135is simply a tran- 8-49. SCHEMATIC DIAGRAM NOTES 
sistor array in a differential amplifier configura- Table 8-102 summarizes the symbology used in 
tion. Its limiting characteristic is a function of its presenting many of the devices on the schematics. 
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Table 8-102. Schematic Diagram Notes (1 of 7) 


Test point symbols, Stars are numbered or lettered for easy correlation Interconnection information. 
of schematic diagrams, procedures, and locator illustrations, 

Circled letter indicates circuit 
Arrow connecting star to meas- Star shown connected to path continues on another 


urement point signifies no circuit signifies measuring aid schematic diagram. Look for 
measuring aid provided. (metal post, circuit pad, etc.) same circled letter on service 
provided. sheet indicated by adjacent 
bold number (3, in this 
example). v 


Plug-in connection information. 
Assembly part number Socket designation for A2 assembly. ' 


Number indicates 
Assembly name pin of socket (XA2). 


Assembly designation 


cn. reo 
Stage name J3 not mounted 
on assembly A2. 


SERIES 
A= REGULATOR Sey, 


Ql 
1854-0071 


. 
REFERENCE DESIGHATIONS WITHIN OUTLINED (—— ~~ ——) 
ASSEMBLIES ARE ABBREVIATED FULL DESIGNATION IN 
. RI OF ASSEMBLY al 

DESIGNATIONS OF OTHER COMPONENTS ARE 


COMPLETE aS SHO™N ‘ 


Non-plug-in 
connection 
information. 
Solder point 
named. 


REFERENCE DESIGNATION 


Circuit board common 
Connector symbols within the NO PREFIX A2 ASSY 


Dagger indicates borderlines of circuit assemb- 


circuit change. See lies signify connections to the A2 Cl 

section VII. assembly which are separate from 3 Ql 

. ? those made through the integral XA2 Rl 
Conducting connection plug part of the assembly. 


to chassis or frame. NOT ASSIGNED 
Asterisk indicates factory 
selected components. (See 
section V). 


Value selected for best operation. 
Value shown is average or most 
commonly selected value. 


Wire color code. Code used (MIL-STD-681) is the Reference designators deleted 
same as the resistor colorcode. First number by circuit changes are listed 
identifies the base color, second number the wider here. 

stripe, and the third number the narrower stripe. Large numbers in lower right 


Example: 947) denotes white base, yellow corners of schematic diagrams 


wide stripe, violet narrow stripe. are service sheet numbers. 
They are provided for con- 


List of all the reference desig- venience in tracing inter 
nations on the diagram. connections. 


Assembly reference designator(s). 
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Table 8-102. Schematic Diagram Notes (2 of 7) 


SCHEMATIC DIAGRAM NOTES 
Tool-aided adjustment. 


Manual control. 

Encloses front-panel designation. 
Encloses rear-panel designation. 
Circuit assembly borderline. 


Other assembly borderline. 


Heavy line with arrows indicates path and direction of main signal. 
Heavy dashed line with arrows indicates path and direction of main feedback. 


Indicates stripline (i.e., RF transmission line above ground). 
Wiper moves toward cw with clockwise rotation of control (as viewed from 


shaft or knob). 


A direct conducting connection to earth, or a conducting connection to a structure 
that has a similar function (e.g., the frame of an air, sea, or land vehicle). 


A conducting connection to a chassis or frame. 


Common connections. All like-designation points are connected. 


Letters = off-page connection, e.g., CQ. 
Number = Service Sheet number for off-page connection, e.g., 12. 


NOTE 
On block diagrams, numbers are in the bubbles (identifying the 
line) and letters identify the page. 


Number (only) = on-page connection. 


Indicates multiple paths represented by only one line. Letters or names identify 
individual paths. Numbers indicate number of paths represented by the line. 


Coaxial or shielded cable. 
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Table 8-102. Schematic Diagram Notes (3 of 7) 


SCHEMATIC DIAGRAM NOTES 


Relay. Contact moves in direction of arrow when energized. 


Indicates a PIN diode. 


Indicates a Varactor diode. 


Indicates a Schottky (hot-carrier) diode. 


Multiple transistors in a single package—physical location of the pins is shown in 
package outline on schematic. 


Identification of logic families as shown (in this case, ECL). 


Numbered Test Point. 
Measurement aid provided. 


Lettered Test Point. 
No measurement aid provided. 


Numbered RF Test Point. Requires ac-coupling adapter from service kit. 


DIGITAL SYMBOLOGY REFERENCE INFORMATION 


Input and Output Indicators 


Implied Indicator—Absence of polarity indicator (see below) implies that the 
active state is a relative high voltage level. Absence of negation indicator (see 
below) implies that the active state is a relative high voltage level at the input 
or output. 
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DIGITAL SYMBOLOGY REFERENCE INFORMATION 


Input and Output Indicators (Cont'd) 


Polarity Indicator—The active state is a relatively low voltage level. 


Dynamic Indicator—The active state is a transition from a relative low to a 
relative high voltage level. 


Inhibit Input—Input that, when active, inhibits (blocks) the active state outputs of 
a digital device. 


Analog Input—Input that is a continuous signal function (e.g., a sine wave). 


Polarity Indicator used with Inhibit Indicator—Indicates that the relatively low 
level signal inhibits (blocks) the active state outputs of a digital device. 


Output Delay—Binary output changes state only after the referenced input (m) 
returns to its inactive state (m should be replaced by appropriate dependency or 
function symbols). 


Open Collector or Open Emitter output. 


Three-state Output—Indicates outputs that can have a high impedance (dis- 
connect) state in addition to the normal binary logic states. 


Combinational Logic Symbols and Functions 


AND—AIl inputs must be active for the output to be active. 


OR—One or more inputs being active will cause the output to be active. 
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Table 8-102. Schematic Diagram Notes (5 of 7) 


DIGITAL SYMBOLOGY REFERENCE INFORMATION 
Combinational Logic Symbols and Functions (Cont’) 


Logic Threshold—m or more inputs being active will cause the output to be active 
(replace m with a number). 


EXCLUSIVE OR—Output will be active when one (and only one) input is active. 


m and only m—Output will be active when m (and only m) inputs are active 
(replace m with a number). 


Logic Identity—Output will be active only when all or none of the inputs are active 
(i.e., when all inputs are identical, output will be active). 


Arithmetic Summer—Performs arithmetic sum and difference, etc. perm and other 
internal notation. 


Amplifier—The output will be active only when the input is active (can be used 
with polarity or logic indicator at input or output to signify inversion). 


Signal Level Converter—Input level(s) are different than output level(s). 


Bilateral Switch—Binary controlled switch which acts as an on/off switch to 
analog or binary signals flowing in both directions. Dependency notation should 
be used to indicate affecting/affected inputs and outputs. Note: amplifier symbol 
(with dependency notation) should be read to indicate unilateral switching. 


X—-Y Coder—Input code(X) is converted to output code(Y) per weighted values or a table. 


(Functional The following labels are to be used as necessary to ensure rapid identification of 
Labels) device function. 


MUX Multiplexer—The output is dependent only on the selected input. 
DEMUX Demultiplexer—Only the selected output is a function of the input. 

CPU Central Processing Unit 

PIO Peripheral Input/Output 


SMI Static Memory Interface 


Sequential Logic Functions 


Monostable—Single shot multivibrator. Output becomes active when the input 
becomes active. Output remains active (even if the input becomes inactive) for a 
period of time that is characteristic of the device and/or circuit. 


Oscillator—The outputis a uniform repetitive signal which alternates between the 
high and low state values. If an inputis shown, then the output will be activeif and 
only if the input is in the active state. 


Flip-Flop—Binary element with two stable states, set and reset. When the flip-flop 
is set, its outputs will bein their active states. When the flip-flop is reset, its outputs 
will be in their inactive states. ; 


Toggle Input—When active, causes the flip-flop to change states. 
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(Functional 
Labels) 


mCNTR 


Service 
Table 8-102. Schematic Diagram Notes (6 of 7) 


DIGITAL SYMBOLOGY REFERENCE INFORMATION 
Sequential Logic Functions (Cont'd) 


Set Input—When active, causes the flip-flop to set. 
Reset Input—When active, causes the flip-flop to reset. 
J Input—Analogous to set input. 

K Input—Analogous to reset input. 


Data Input—Always enabled by another input (generally a C input—see Depen- 
dency Notation). When the D input is dependency-enabled, a high level at D will set 
the flip-flop; a low level will reset the flip-flop. Note: strictly speaking, D inputs 
have no active or inactive states—they are just enabled or disabled. 


Count-Up Input—When active, increments the contents (count) of a counter by 
““m”’ counts (m is replaced with a number). 


Count-Down Input—When active, decrements the contents (count) of a counter by 
““m” counts (m is replaced with a number). 


Shift Right (Down) Input—When active, causes the contents of a shift register to 
shift to the right or down “m” places (m is replaced with a number). 


Shift Left (Up) Input—When active, causes the contents of a shift register to shift to 
the left or up “‘m” places (m is replaced with a number). 


NOTE 


For the four functions shown above, if m is one, it is omitted. 


The following functional labels are to be used as necessary in symbol build-ups to 
ensure rapid identification of device function. 


Counter—Array of flip-flops connected to form a counter with modules m (m is 
replaced with a number that indicates the number of states: 5 CNTR, 10 CNTR, 


etc.). 


Register—Array of unconnected flip-flops that form a simple register or latch. 


Shift Register—Array of flip-flops that form a register with internal connections 
that permit shifting the contents from flip-flop to flip-flop. 
Read Only Memory—Addressable memory with read-out capability only. 


Random Access Memory—Addressable memory with read-in and read-out 
capability. 


Dependency Notation 


Address Dependency—Binary affecting inputs of affected outputs. The m prefix is 
replaced with a number that differentiates between several address inputs, indicates 
dependency, or indicates demultiplexing and multiplexing of address inputs and 
outputs. The m suffix indicates the number of cells that can be addressed. 
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Table 8-102. Schematic Diagram Notes (7 of 7) 


DIGITAL SYMBOLOGY REFERENCE INFORMATION 
Dependency Notation (Cont'd) 


Gate (AND) Dependency—Binary affecting input with an AND relationship to 
those inputs or outputs labeled with the same identifier. The m is replaced with a 
number or letter (the identifier). 


Control Dependency—Binary affecting input used where more than a simple AND 
relationship exists between the C input and the affected inputs and outputs (used 
only with D-type flip-flops). 


OR Dependency—Binary affecting input with an OR relationship to those inputs or 
outputs labeled with the same identifier. The m is replaced with a number or the 
letter (the identifier). 


Free Dependency—Binary affecting input acting as a connect switch when active 
and a disconnect when inactive. Used to control the 3-state behavior of a 
3-state device. 


NOTE 


The identifier (m) is omitted if it is one—that is, when there is only one dependency 
relationship of that kind in a particular device. When this is done, the dependency 
indicator itself (G, C, F, or V) is used to prefix or suffix the affected (dependent) 
input or output. 


Miscellaneous 


iy Schmitt Trigger—Input characterized by hysterisis; one threshold for positive 
going signals and a second threshold for negative going signals. 


Active Active State—A binary physical or logical state that corresponds to the true state of 
an input, an output, or a function. The opposite of the inactive state. 


Enable Enabled Condition—A logical state that occurs when dependency conditions are 
satisfied. Although not explicitly stated in the definitions listed above, functions are 
assumed to be enabled when their behavior is described. A convenient way to think 
of it is as follows: 


A function becomes active when: 
¢ it is enabled (dependency conditions—if any—are satisfied) 
¢ and its external stimulus (e.g., voltage level) enters the active state. 
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Ostencaien 18 

PO Box 4 

1345 Osteraas 

Tet (02) 1711 80 

Telex 16621 honas n 

Hewlett-Packard Norge A/S 

Nygaardsgaien 114 

PO Box 4210 

5013 Nygearcsgaten, 

Bergen 

Tet (05) 2197 33 


PANAMA 

Biectéreco Babos, SA 
Aparatado 4929 

Panama 5 

Cale Saruei Lews 
Ecco “Ata.” No 2 
Ciudad de Panama 
Tet 64-2700 

Telex: 3483103 Curundu, 
Canal Zone 


Tet 41-4325 
Telex: Pub. Booth 25424 
SISDRO 


PAKISTAN 

Mushko & Company Lid 
Oosman Chambers 
Abdullah Haroon Rosd 
Karechi-3 

Tet: 511027, 512927 
Telex: 2894 


ie | 
a 


SALES & SUPPORT OFFICES 


Arranged Alphabetically by Country 


SF-40720-72 JYVASKYLA 
Tel: (941) 216318 

CH 

Hewlell-Packard Oy 
Kainvuntie 1-C 
SF-90140-14 OULU 

Tel: (981) 338785 

CH 


FRANCE 
Hewlett-Packard France 
Z.1. Mercure B 

Rue Berthelot 

F-13763 Les Milles Cedex 
AIX-EN-PROVENCE 

Tel: (42) 59-41-02 
Telex: 410770F 
A,CH,E,MS,P* 
Hewlett-Packard France 
Boile Postale No. 503 
F-25026 BESANCON 

28 Rue de la Republique 
F-25000 BESANCON 
Tel: (81) 83-16-22 
CH,M 

Hewlett-Packard France 
Bureau de Vente de Lyon 
Chemin des Mouilles 
Boite Postale 162 
F-69130 ECULLY Cédex 
Tel: (7) 833-81-25 
Telex: 310617F 
A,CH,CS,E,MP 
Hewlett-Packard France 
Immeuble France Evry 
Tour Lorraine 
Boulevard de France 
F-91035 EvRY Cédex 
Tel: (6) 077-96-60 
Telex: 6923 15F 

E 


Hewlett-Packard France 

5th Avenue Raymond Chanas 
F-38320 EYBENS 

Tel: (76) 25-81-41 

Telex: 980124 HP GRENOB EYBE 
CH 


Hewlett-Packard France 
Centre d’Affaire Paris-Nord 
Baliment Ampére 5 elage 
Rue de la Commune de Paris 
Boile Postale 300 

F-93153 LE BLANC MESNIL 
Tel: (01) 865-44-52 

Telex: 211032F 

CH,CS,E,MS 

Hewlett-Packard France 

Parc d’Activiles Cadera 
Quarlier Jean Mermoz 
Avenue du President JF Kennedy 
F-33700 MERIGNAC 

Tel: (56) 34-00-84 

Telex: 550105F 

CH,E,MS 


Hewlett-Packard France 

32 Rue Lothaire 

F-57000 METZ 

Tel: (8) 765-53-50 

CH 

Hewlett-Packard France 
Immueble Les 3 B 

Nouveau Chemin de la Garde 
Z.A.C. de Bois Briand 

F-44085 NANTES Cedex 

Tel: (40) 50-32-22 

CH’ . 

Hewlett-Packard France 

Zone Industrielle de Courtaboeuf 
Avenue des Tropiques 
F-91947 Les Ulis Cédex ORSAY 
Tel: (6) 907-78-25 

Telex: 600048F 
A,CH,CM,CS,E,MP,P 


Hewlett-Packard France 
Paris Porte-Maillol 

15, Avenue De L'Amiral Bruix 
F-75782 PARIS 16 

Tel: (1) 502-12-20 
Telex: 613663F 
CH,MS,P 
Hewlelt-Packard France 
2 Allee de la Bourgonelle 
F-35100 RENNES 

Tel: (99) 51-42-44 
Telex: 740912F 
CH,CM,E,MS,P* 
Hewlell-Packard France 
98 Avenue de Brelagne 
F-76100 ROUEN 

Tel: (35) 63-57-66 CH**,CS 
Hewlelt-Packard France 
4 Rue Thomas Mann 
Boile Postale 56 
F-67200 STRASBOURG 
Tel: (88) 28-56-46 
Telex: 89014 1F 
CH,E,MS,P* 
Hewletl-Packard France 
Pericentre de la Cépiere 
F-31081 TOULOUSE Cedex 
Tel: (61) 40-11-12 
Telex: 531639F 
A,CH,CS,E,P* 
Hewlett-Packard France 
Immeuble Péricentre 


F-59658 VILLENEUVE D'ASCQ Cedex 


Tel: (20) 91-41-25 
Telex: 160124F 
CH,E,MS,P°* 


GERMAN FEDERAL 


REPUBLIC 
Hewlett-Packard GmbH 
Technisches Biro Berlin 
Keithstrasse 2-4 

D-1000 BERLIN 30 

Tel: (030) 24-90-86 

Telex: 018 3405 hpbin d 
A,CH,E,M,P 
Hewlett-Packard GmbH 
Technisches Biiro B&ublingen 
Herrenberger Strasse 110 
D-7030 BOBLINGEN 

Tel: (07031) 667-1 

Telex: bbn or 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard GmbH 
Technisches BUro Dusseldorf 
Emanuel-Leutze-Strasse 1 
D-4000 DUSSELDORF 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 
A,CH,CS,E,MS,P 
Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 

D-6000 FRANKFURT 56 
Tel: (0611) 50-04-1 

Telex: 04 13249 hpffm d 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadtring 5 

D-2000 HAMBURG 60 

Tel: (040) 63804-1 

Telex: 021 63 032 hphh d 
A,CH,CS,E,MS,P 
Hewlett-Packard GmbH 
Technisches BUro Hannover 
Am Grossmarkt 6 

D-3000 HANNOVER 91 

Tel: (0511) 46-60-01 
Telex: 092 3259 
A,CH,CM,E,MS,P 


Hewlett-Packard GmbH 
Technisches BUro Mannheim 
Rosslauver Weg 2-4 

D-6800 MANNHEIM 

Tel: (0621) 70050 

Telex: 0462105 

ACE 

Hewlelt-Packard GmbH 
Technisches BUro Neu Ulm 
Messerschmiltsirasse 7 
D-7910 NEU ULM 

Tel: 0731-70241 

Telex: 0712816 HP ULM-D 
AC,E* 

Hewlett-Packard GmbH 
Technisches Biro NUrnberg 
Neumeyerstrasse 90 
D-8500 NURNBERG 

Tel: (0911) 52 20 83-87 
Telex: 0623 860 
CH,CM,E,MS,P 
Hewlett-Packard GmbH 
Technisches BUro MUnchen 
Eschenstrasse 5 

D-8028 TAUFKIRCHEN 

Tel: (089) 6117-1 

Telex: 0524985 
A,CH,CM,E,MS,P 


GREAT BRITAIN 
Hewlett-Packard Lid. 
Trafalgar House 
Navigalion Road 
ALTRINCHAM 

Chesire WA14 1NU 
Tel: (061) 928-6422 
Telex: 668068 
A,CH,CS,E,M 
Hewlett-Packard Lid. 
Oakfield House, Oakfield Grove 
Clifton 

BRISTOL BS8 2BN, Avon 
Tel: (027) 38606 
Telex: 444302 
CH,M,P 
Hewlett-Packard Ltd. 
(Pinewood) 

Nine Mile Ride 
EASTHAMPSTEAD 
Wokingham 
Berkshire, 3RG11 3LL 
Tel: 3446 3100 
Telex: 84-88-05 
CH,CS,E 


Hewlett-Packard Lid. 
Fourier House 

257-263 High Street 
LONDON COLNEY 

Herts., AL2 1HA, SI. Albans 
Tel: (0727) 24400 

Telex: 1-89527 16 
CH,CS,E 

Hewlett-Packard Ltd 
Tradax House, St. Mary's Walk 
MAIDENHEAD 

Berkshire, SL6 1ST 

Tel: (0628) 39151 
CH,CS,E,P 


Hewlett-Packard Lid. 
Quadrangle 

106-118 Station Road 
REDHILL, Surrey 

Tel: (0737) 68655 
Telex: 947234 CH,CS,E 
Hewlett-Packard Ltd. 
Avon House 

435 Stratford Road 
SHIRLEY, Solihull 

West Midlands B90 4BL 
Tel: (021) 745 8800 
Telex: 339105 

CH 


Hewlett-Packard Ltd. 
West End House 41 
High Street, West End 
SOUTHAMPTON 
Hampshire S03 300 
Tel: (703) 886767 
Telex: 477138 

CH 


Hewlett-Packard Lid. 
King Street Lane 
WINNERSH, Wokingham 
Berkshire RG11 5AR 
Tel: (0734) 784774 
Telex: 847178 
A,CH,E,M 


GREECE 

Koslas Karaynnis S.A. 

8 Omirou Street 

ATHENS 133 

Tel: 32 30 303, 32 37 371 
Telex: 215962 RKAR GR 
A,CH,CM,CS,E,M,P 
PLAISIO S.A. 

G. Gerardos 

24 Stournara Stree! 
ATHENS 

Tel: 36- 11-160 

Telex: 221871 

P 


GUATEMALA 

IPESA 

Avenida Reforma 3-48, Zona 9 
GUATEMALA CITY 

Tel: 316627, 314786 

Telex: 4192 TELTRO GU 
A,CH,CM,CS,E,M,P 


HONG KONG 


Hewlett-Packard Hong Kong, Ltd. 


G.P.0. Box 795 

5th Floor, Sun Hung Kai Centre 
30 Harbour Road 

HONG KONG 

Tel: 5-8323211 

Telex: 66678 HEWPA HX 
Cable: HEWPACK HONG KONG 
E,CH,CS,P 

CET Lid. 

1402 Tung Way Mansion 
199-203 Hennessy Rd. 
Wanchia, HONG KONG 

Tel: 5-729376 

Telex: 85148 CET HX 

CM 

Schmidt & Co. (Hong Kong) Lid. 
Wing On Centre, 28th Floor 
Connaught Road, C. 

HONG KONG 

Tel: 5-455644 

Telex: 74766 SCHMX HX 

AM 


ICELAND 

Elding Trading Company Inc. 
Hafnarnvoli-Tryggvagotu 
P.O. Box 895 

IS-REYKJAVIK 

Tel: 1-58-20, 1-63-03 

M 


INDIA 

Blue Star Lid. 

Sabri Complex Il Floor 
24 Residency Rd. 
BANGALORE 560 025 
Tel: 55660 

Telex: 0845-430 
Cable: BLUESTAR 
A,CH,CM,CS,E 


Blue Star Lid. 

Band Box House 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-3101 

Telex: 011-3751 

Cable: BLUESTAR 

AM 

Blue Slar Lid. 

Sahas 

4914/2 Vir Savarkar Marg 
Prabhadevi 

BOMBAY 400 025 

Tel: 422-6155 

Telex: 011-4093 

Cable: FROSTBLUE 
A,CH,CM,CS,E,M 

Blue Star Lid. 

Kalyan, 19 Vishwas Colony 
Alkapuri, BORODA, 390 005 
Tel: 65235 

Cable: BLUE STAR 

A 


Blue Star Ltd. 

7 Hare Street 
CALCUTTA 700 001 
Tel: 12-01-31 

Telex: 021-7655 
Cable: BLUESTAR 
AM 

Blue Star Ltd. 

133 Kodambakkam High Road 
MADRAS 600 034 

Tel: 82057 

Telex: 041-379 
Cable: BLUESTAR 
AM 

Blue Star Lid. 
Bhandari House, 7th/8th Floors 
91 Nehru Place 

NEW DELHI 110 024 
Tel: 682547 

Telex: 031-2463 
Cable: BLUESTAR 
A,CH,CM,CS,E,M 

Blue Star Ltd. 

15/16:C Wellesley Rd. 
PUNE 411011 

Tel: 22775 

Cable: BLUE STAR 

A 


Blue Star Ltd. 
2-2-47/1108 Bolarum Rd. 
SECUNDERABAD 500 003 
Tel: 72057 

Telex; 0155-459 

Cable: BLUEFROST 

AE 

Blue Star Lid. 

T.C. 7/603 Poornima 
Maruthankuzhi 
TRIVANDRUM 695 013 
Tel: 65799 

Telex: 0884-259 

Cable: BLUESTAR 

E 


INDONESIA 

BERCA Indonesia P.T. 
P.0.Box 496/JKT. 

Jl. Abdul Muis 62 
JAKARTA 

Tel: 373009 

Telex: 46748 BERSAL IA 
Cable: BERSAL JAKARTA 
P 


BERCA Indonesia P.T. 
Wisma Antara Bidg., 17th floor 
JAKARTA 

A,CS,E,M 

BERCA Indonesia P.T. 

P.0. Box 174/SBY. 

Ji. Kulei No. 11 

SURABAYA 

Tel: 68172 

Telex: 31146 BERSAL SB 
Cable: BERSAL-SURABAYA 
A*,EMP 


IRAQ 

Hewlett-Packard Trading S.A. 
Service Operation 

Al Mansoor Cily 9B/3/7 
BAGHDAD 

Tel: 551-49-73 

Telex: 212-455 HEPAIRAQ IK 
CH,CS 


IRELAND 
Hewlett-Packard Ireland Ltd. 
82/83 Lower Leeson St. 
DUBLIN 2 

Tel: (1) 60 88 00 

Telex: 30439 
A,CH,CM,CS,E,M,P 
Cardiac Services Ltd. 
Kilmore Road 

Arlane 

DUBLIN 5 

Tel: (01) 351820 

Telex: 30439 

M 


ISRAEL 

Eldan Electronic Instrument Ltd. 
P.O. Box 1270 

JERUSALEM 91000 

16, Ohaliav St. 

JERUSALEM 94467 

Tel: 533 221, 553 242 

Telex: 25231 AB/PAKRD IL 

A 


Electronics Engineering Division 
Motorola Israel Ltd. 

16 Kremenetski Street 

P.O. Box 25016 

TEL-AVIV 67899 

Tel: 3-338973 

Telex: 33569 Motil iL 

Cable: BASTEL Tel-Aviv 
CH,CM,CS,E,M,P 


ITALY 

Hewlett-Packard llaliana S.p.A. 
Traversa 99C 

Via Giulio Petroni, 19 

1-70124 BARI 

Tel: (080) 41-07-44 

M 


Hewlelt-Packard Italiana S.p.A. 
Via Martin Luther King, 38/111 
|-40132 BOLOGNA 

Tel: (051) 402394 

Telex: 511630 

CH,E,MS 

Hewlelt-Packard Italiana S.p.A. 
Via Principe Nicola 43G/C 
1-95126 CATANIA 

Tel: (095) 37-10-87 

Telex: 970291 

CP 

Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio 9 

|-20063 CERNUSCO SUL NAVIGLIO 
Tel: (2) 903691 

Telex: 334632 
A,CH,CM,CS,E,MP,P 
Hewlett-Packard llaliana S.p.A. 
Via Nuova San Rocco a 
Capodimonte, 62/A 

1-80131 NAPLES 

Tel: (081) 7413544 

Telex: 710698 

A,CH,E 

Hewlett-Packard Italiana S.p.A. 
Viale G. Modugno 33 

1-16 156 GENOVA PEGLI 

Tel: (010) 68-37-07 

Telex: 215238 

EC 


Hewlett-Packard Italiana S.p.A. 
Via Turazza 14 

1-35100 PADOVA 

Tel: (049) 664888 

Telex: 430315 

A,CH,E,MS 

Hewlett-Packard Italiana S.p.A. 
Viale C. Pavese 340 

100144 ROMA 

Tel: (06) 54831 

Telex: 610514 
A,CH,CM,CS,E,MS,P* 
Hewlett-Packard Italiana S.p.A. 
Corso Svizzera, 184 

|-10149 TORINO 

Tel: (011) 74 4044 

Telex: 221079 

CH,E 


JAPAN 
Yokogawa-Hewlett-Packard Lid. 
Inoue Building 

1-21-8, Asahi-cho 

ATSUGI, Kanagawa 243 

Tel: (0462) 28-0451 

CM,C*,E 
Yokogawa-Hewlett-Packard Ltd. 
Towa Building 

2-2-3, Kaigandori, Chuo-ku 
KOBE, 650, Hyogo 

Tel: (078) 392-4791 

CE 

Yokogawa-Hewlelt-Packard Ltd. 
Kumagaya Asahi Yasoji Bldg 4F 
3-4 Chome Tsukuba 
KUMAGAYA, Sailama 360 

Tel: (0485) 24-6563 

CH,CM,E 


Yokogawa-Hewlelt-Packard Ltd. 
Asahi Shinbun Dai-ichi Seimei Bldg., 
2F 

4-7 Hanabata-cho 
KUMAMOTO-SHI,860 

Tel: (0963) 54-7311 

CH,E 
Yokogawa-Hewlett-Packard Ltd. 
Shin Kyoto Center Bldg. 5F 
614 Siokoji-cho 

Nishiiruhigashi, Karasuma 
Siokoji-dori, Shimogyo-ku 
KYOTO 600 

Tel: 075-343-0921 

CH,E 
Yokogawa-Hewlett-Packard Ltd. 
Mito Mitsui Building 

1-4-73, San-no-maru 

MITO, Ibaragi 310 

Tel: (0292) 25-7470 

CH,CM,E 
Yokogawa-Hewlelt-Packard Ltd. 
Sumitomo Seimei Nagoya Bldg. 
2-14-19, Meieki-Minami, 
Nakamura-ku 

NAGOYA, 450 Aichi 

Tel: (052) 571-5171 
CH,CM,CS,E,MS 
Yokogawa-Hewlelt-Packard Ltd. 
Chuo Bidg., 4th Floor 

5-4-20 Nishinakajima, 
Yodogawa-ku 

OSAKA, 532 

Tel: (06) 304-6021 

Telex: YHPOSA 523-3624 
A,CH,CM,CS,E,MP,P* 
Yokogawa-Hewlett-Packard Ltd. 
1-27-15, Yabe, 

SAGAMIHARA Kanagawa, 229 
Tel: 0427 59-1311 
Yokogawa-Hewlett-Packard Ltd. 
Shinjuku Dai-ichi Seimei 6F 
2-7-1, Nishi Shinjuku 
Shinjuku-ku, TOKYO 160 

Tel: 03-348-4611-5 

CHE 


Yokogawa-Hewlett-Packard Lid. 
3-29-21 Takaido-Higashi 
Suginami-ku TOKYO 168 

Tel: (03) 331-6111 

Telex: 232-2024 YHPTOK 
A,CH,CM,CS,E,MP,P* 
Yokogawa-Hewlett-Packard Lid. 
Daiichi Asano Building 4F 
5-2-8, Oodori, 

UTSUNOMIYA, 320 

Tochiai 

Tel: (0286) 25-7155 

CH, CS, E 
Yokogawa-Hewletl-Packard Lid. 
Yasudaseimei Yokohama 
Nishiguchi Bldg. 

3-30-4 Tsuruya-cho 
Kanagawa-ku 

YOKOHAMA, Kanagawa, 221 

Tel: (045) 312-1252 

CH,CM,E 


JORDAN 

Mouasher Cousins Company 
P.0. Box 1387 

AMMAN 

Tel: 24907, 39907 

Telex: 21456 SABCO JO 
CHE,M,P 


KENYA 

ADCOM Lid., Inc., Kenya 
P.0.Box 30070 

NAIROBI 

Tel: 331955 

Telex: 22639 

EM 


KOREA 

Samsung Electronics Computer 
Division 

76-561 Yeoksam-Dong 
Kangnam-Ku 

C.P.0. Box 2775 

SEOUL 

Tel: 555-7555, 555-5447 
Telex: K27364 SAMSAN 
A,CH,CM,CS,E,M,P 


KUWAIT 

Al-Khaldiya Trading & Contracting 
P.0. Box 830 Safat 
KUWAIT 

Tel: 42-4910, 41-1726 
Telex: 22481 Areeg kI 
CHEM 

Photo & Cine Equipment 
P.0. Box 270 Safat 
KUWAIT 

Tel: 42-2846, 42-3801 
Telex: 22247 Malin-KT 
P 


LEBANON 
G.M. Dolmadjian 
Achrafieh 

P.O. Box 165.167 


LUXEMBOURG 
Hewlett-Packard Belgium S.A/N.V. 
Bivd de la Woluwe, 100 
Woluwedal 

B-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23-494 paloben bru 
A,CH,CM,CS,E,MP,P 


MALAYSIA 

Hewlett-Packard Sales (Malaysia) 
Sdn. Bhd. 

1st Floor, Bangunan British 
American 

Jalan Semantan, Damansara Heights 
KUALA LUMPUR 23-03 

Tel: 943022 

Telex: MA31011 

A,CH,E,M,P* 

Protel Engineering 

Lol 319, Satok Road 

P.0.Box 1917 

Kuching, SARAWAK 

Tel: 53544 

Telex: MA 70904 PROMAL 
Cable: PROTELENG 

AEM 


MALTA 

Philip Toledo Lid. 
Nolabile Rd. 

MRIEHEL 

Tel: 447 47, 455 66 
Telex: 649 Media MW 
P 


MEXICO 

Hewlelt-Packard Mexicana, S.A. de 
CV. 

Av. Periferico Sur No. 6501 
Tepepan, Xochimilco 

MEXICO D.F. 16020 

Tel: 676-4600 

Telex: 17-74-507 HEWPACK MEX 
A,CH,CS,E,MS,P 

Effective November 1, 1982: 
Hewlett-Packard Mexicana, S.A. de 
CV. 

Ejercito Nacional #570 

Colonia Granada 

11560 MEXICO, D.F. 

CH** 


Hewlett-Packard Mexicana, S.A. de 
CV. 

Rio Volga 600 

Ple. Colonia del Valle 

MONTERREY, N.L. 

Tel: 78-42-93, 78-42-40, 78-42-41 
Telex: 038-2410 HPMTY ME 


Effective Nov. 1, 1982 

Ave. Colonia del Valle #409 
Col. del Valle 

Municinio de garza garcia 
MONTERREY, N,V. 

ECISA 

Taihe 229, Piso 10 
Polanco MEXICO D.F. 11570 
Tel: 250-5391 

Telex: 17-72755 ECE ME 
M 


MOROCCO 
Dolbeau 

81 rue Karalchi 
CASABLANCA 

Tel: 3041-82, 3068-38 
Telex: 23051, 22822 
E 

Gerep 

2 me d'Agadir 

Boile Postale 156 
CASABLANCA 

Tel: 272093, 272095 
Telex: 23 739 

Pp 


NETHERLANDS 
Hewlett-Packard Nederland B.V. 
Van Heuven Goechartlaan 121 
NL 1181KK AMSTELVEEN 

P.O. Box 667 

NL1180 AR AMSTELVEEN 

Tel: (20) 47-20-21 

Telex: 13 216 
A,CH,CM,CS,E,MP,P 


Hewlett-Packard Nederland 8.V. 
Bongerd 2 

NL 2906VK CAPPELLE, A/D fjessel 
P.O. Box 41 

NL2900 AA CAPELLE, lissel 

Tel: (10) 51-64-44 

Telex: 21261 HEPAC NL 

A.CH.CS 


a 
a 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Lid. 
169 Manukau Road 

P.O. Box 26-189 

Epsom, AUCKLAND 

Tel: 687-159 

Cable: HEWPACK Auckland 
CH,CM,E,P° 
Hewlett-Packard (N.Z.) Lid. 
4-12 Cruickshank Street 
Kilbirnie, WELLINGTON 3 

P.O. Box 9443 

Courtenay Place, WELLINGTON 3 
Tel: 877-199 

Cable: HEWPACK Wellington 
CH,CM,E,P 

Northrop Instruments & Systems 
Lid. 

369 Khyber Pass Road 
P.0. Box 8602 

AUCKLAND 

Tel: 794-091 

Telex: 60605 

AM 

Northrop Instruments & Systems 
Lid. 

110 Mandeville St. 

P.0. Box 8388 
CHRISTCHURCH 

Tel: 486-928 

Telex: 4203 

AM 

Northrop Instruments & Systems 
Lid. 

Sturdee House 

85-87 Ghuznee Street 

P.O. Box 2406 
WELLINGTON 

Tel: 850-091 

Telex: NZ 3380 

AM 


NORTHERN IRELAND 
Cardiac Services Company 
95A Finaghy Road South 
BELFAST BT 10 OBY 

Tel: (0232) 625-566 

Telex: 747626 

M 


NORWAY 
Hewlett-Packard Norge A/S 
Folke Bemadoltes vei 50 
P.O. Box 3558 

N-5033 FYLLINGSDALEN (Bergen) 
Tel: (05) 16-55-40 

Telex: 16621 hpnas n 
CH,CS,E,MS 
Hewlett-Packard Norge A/S 
Osterndalen 18 

P.O. Box 34 

N-1345 OSTER*AS 

Tel: (02) 17-11-80 

Telex: 16621 hpnas n 
A,CH,CM,CS,E.M,P 


OMAN 

Khimjl Ramdas 

P.0. Box 19 

MUSCAT 

Tel: 722225, 745601 

Telex: 3289 BROKER MB MUSCAT 
Pp 


| 
| 


SALES & SUPPORT OFFICES 


Arranged Alphabetically by Country 


Syhail & Saud Bahwan 
P.O. Box 169 

MUSCAT 

Tel; 734 201-3 

Telex: 3274 BAHWAN M8 


PAKISTAN 

Mushko & Company Lid. 
1-B, Street 43 

Sector F-8/1 

ISLAMABAD 

Tel: 26875 

Cable: FEMUS Rawalpindi 
AEM 

Mushko & Company Lid. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 

Tel: 511027, 512927 
Telex: 2894 MUSKO PK 
Cable: COOPERATOR Karachi 
A,E,M,P* 


PANAMA 

Electrénico Balboa, S.A. 
Calle Samuel Lewis, Ed. Alfa 
Apartado 4929 

PANAMA 5 

Tel: 64-2700 

Telex: 3483 ELECTRON PG 
A,CM,E,M,P 

Foto Internacional, S.A. 
Colon Free Zone 

Apartado 2068 

COLON 3 

Tel: 45-2333 

Telex: 8626 IMPORT PG 

P 


PERU 

Cia Electro Médica S.A. 

Los Flamencos 145, San Isidro 
Casilla 1030 

LMA 1 

Tel: 41-4325, 41-3703 

Telex: Pub. Booth 25306 
A,CM,E,M,P 


PHILIPPINES 

The Online Advanced Sysiems 
Corporation 

Rico House, Amorsolo Cor. Herrera 
Street 

Legaspi Village, Makati 

P.O. Box 1510 

Metro MANILA 

Tel: 85-35-81, 85-34-91, 85-32-21 
Telex: 3274 ONLINE 

A,CH,CS,E,M 

Electronic Specialists and 
Proponenis Inc. 

690-B Epifanio de los Santos 
Avenue 

Cubao, QUEZON CITY 

P.0. Box 2649 Manila 

Tel: 98-96-81, 98-96-82, 98-96-83 
Telex: 40018, 42000 ITT GLOBE 
MACKAY BOOTH 

P 


PORTUGAL 

Mundinter 

Intercambio Mundial de Comércio 
S.arl 

P.0. Box 2761 

Ay. Antonio Augusto de Aguiar 138 
P-LISBON 

Tel: (19) 53-21-31, 53-21-37 
Telex: 16691 munter p 

M 


Soquimica 

Ay. 0a Liberdade, 220-2 
1298 LISBON Codex 

Tel: 56 21 81/2/3 

Telex: 13316 SABASA P 
Telectra-Empresa Técnica de 
Equipmentos Eléctricos S.a.r.l. 
Rua Rodrigo da Fonseca 103 
P.0. Box 2531 

P-LISBON 1 

Tel: (19) 68-60-72 

Telex: 12598 

CH,CS,E,P 


PUERTO RICO 
Hewlett-Packard Puerto Rico 
P.O. Box 4407 

CAROLINA, Puerto Rico 00628 
Calle 272 Edificio 203 

Urb. Country Club 

RIO PIEDRAS, Puerto Rico 00924 
Tel: (809) 762-7255 

A,CH,CS 


QATAR 

Nasser Trading & Contracting 
P.O. Box 1563 

DOHA 

Tel: 22170, 23539 

Telex: 4439 NASSER DH 

M 


Computearbia 

P.O. Box 2750 

DOHA 

Tel: 883555 

Telex: 4806 CHPARB 
P 


Eastern Technical Services 
P.O. Box 4747 

DOHA 

Tel: 329 993 

Telex: 4156 EASTEC DH 


SAUDI ARABIA 

Modern Electronic Establishment 
Hewlett-Packard Division 

P.O. Box 281 

Thuobah 

AL-KHOBAR 


Tel: 864-46 78 " 
Telex: 671 106 HPMEEK SJ 
Cable: ELECTA AL-KHOBAR 
CH,CS,E,M,P 

Modem Electronic Establishment 
Hewlett-Packard Division 

P.O. Box 1228 

Redec Plaza, 6th Floor 

JEDDAH 

Tel: 644 38 48 

Telex: 402712 FARNAS SJ 
Cable: ELECTA JEDDAH 
CH,CS,E,M,P 

Modern Electronic Establishment 
Hewlett Packard Division 

P.O. Box 2728 

RIYADH 

Tel: 491-97 15, 491-63 87 
Telex: 202049 MEERYD SJ 
CH,CS,E,M,P 


SCOTLAND 
Hewlett-Packard Lid. 
Royal Bank Buildings 
Swan Street 

BRECHIN, Angus, Scotland 
Tel: (03562) 3101-2 

CH 

Hewlett-Packard Lid. 
SOUTH QUEENSFERRY 
West Lothian, EH30 9GT 
GB-Scotland 

Tel: (031) 3311188 
Telex: 72682 
A,CH,CM,CS,E,M 


SINGAPORE 
Hewlett-Packard Singapore (Pty.) 
Ltd. 

P.O. Box 58 Alexandra Post Office 
SINGAPORE, 9115 

6th Floor, Inchcape House 
450-452 Alexandra Road 
SINGAPORE 0511 

Tel: 631788 

Telex: HPSGSO RS 34209 
Cable: HEWPACK, Singapore 
A,CH,CS,E,MS,P 

Dynamar International Ltd. 

Unit 05-11 Block 6 

Kolam Ayer Industrial Estate 
SINGAPORE 1334 

Tel: 747-6188 

Telex: RS 26283 

CM 


SOUTH AFRICA 


Hewletl-Packard So Africa (Pty:) Ltd. 


P.O. Box 120 

Howard Place 

Pine Park Center, Forest Drive, 
Pinelands 

CAPE PROVINCE 7405 

Tel: 53-7954 

Telex: 57-20006 
A,CH,CM,E,MS,P 


Hewlett-Packard So Africa (Pty,) Lid. 


P.0. Box 37099 

92 Overport Drive 

DURBAN 4067 

Tel: 28-4178, 28-4179, 28-4110 
Telex: 6-22954 

CH,CM 


Hewlett-Packard So Africa (Pty.) Lid. 


6 Linton Arcade 

511 Cape Road 
Linton Grange 

PORT ELIZABETH 6001 
Tel: 041-302148 

CH 


Hewlett-Packard So Africa (Ply.) Ltd. 


P.O. Box 33345 

Glenstantia 0010 TRANSVAAL 

1st Floor East 

Constantia Park Ridge Shopping 
Centre 

Constantia Park 

PRETORIA 

Tel: 982043 

Telex: 32163 

CH,E 


Hewlett-Packard So Africa (Ply.) Ltd. 


Private Bag Wendywood 
SANDTON 2144 

Tel: 802-5111, 802-5125 
Telex: 4-20877 

Cable: HEWPACK Johannesburg 
A,CH{CM,CS,E,MS,P 


SPAIN 

Hewlett-Packard Espafiola S.A. 
c/Entenza, 321 

E-BARCELONA 29 

Tel: (3) 322-24-51, 321-73-54 
Telex: 52603 hpbee 
A,CH,CS,E,MS,P 
Hewlett-Packard Espafiola S.A. 
c/San Vicente S/N 

Edificio Albia ll,7 B 

E-BILBAO 1 

Tel: (4) 23-8306, (4) 23-8206 
A,CH,E,MS 

Hewlett-Packard Espafiola S.A. 
Calle Jerez 3 

E-MADRID 16 

Tel: (1) 458-2600 

Telex: 23515 hpe 

A,CM,E 


Hewlett-Packard Espafiola S.A. 
c/o Costa Brava 13 

Colonia Mirasierra 

E-MADRID 34 

Tel: (1) 734-8061, (1) 734-1162 
CH,CS,M 

Hewlett-Packard Espafiola S.A. 
Av Ramén y Cajal 1-9 

Edificio Sevilla 1, 

E-SEVILLA 5 

Tel: 64-44-54, 64-44-58 
Telex: 72933 

A,CS,MS,P 

Hewlelt-Packard Espafiola S.A. 
C/Ramon Gordillo, 1 (Entlo.3) 
E-VALENCIA 10 

Tel: 361-1354, 361-1358 
CH,P 


SWEDEN 

Hewlett-Packard Sverige AB 
Sunnanvagen 14K 

S-22226 LUND 

Tel: (046) 13-69-79 - 
Telex: (854) 17886 (via SPANGA 
office) 

CH 


Hewlett-Packard Sverige AB 
Vastra Vintergalan 9 

S-70344 OREBRO 

Tel: (19) 10-48-80 A 
Telex: (854) 17886 (via SPANGA 
office) 

CH 


Hewlett-Packard Sverige AB 
Skalhollsgatan 9, Kista 
Boxi9 , 

S-16393 SPANGA 

Tel: (08) 750-2000 

Telex: (854) 17886 
A,CH,CM,CS,E,MS,P 
Hewlett-Packard Sverige AB 
Frotallisgatan 30 
$-42132 VASTRA-FROLUNDA 
Tel: (031) 49-09-50 - 
Telex: (854) 17886 (via SPANGA 
office) 

CH,E,P 


SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 
CH-4058 BASLE 
Tel: (61) 33-59-20 
A 
Hewlell-Packard (Schweiz) AG 
Bahnhoheweg 44 
CH-3018 BERN 
Tel: (031) 56-24-22 
H 


Hewlett-Packard (Schweiz) AG 
47 Avenue Blanc 

CH-1202 GENEVA 

Tel: (022) 32-48-00 
CH,CM,CS 


Hewlett-Packard (Schweiz) AG 
19 Chemin Chateau Bloc 

CH- 1219 LE LIGNON-Geneva 
Tel: (022) 96-03-22 

Telex: 27333 hpag ch 

Cable: HEWPACKAG Geneva 
A,E,MS,P 

Hewlelt-Packard (Schweiz) AG 
Allmend 2 

CH-8967 WIDEN 

Tel: (57) 3121 11 

Telex: 53933 hpag ch 

Cable: HPAG CH 
A,CH,CM,CS,E,MS,P 


SYRIA 

General Electronic Inc. 

Nuri Basha 

P.O. Box 5781 

DAMASCUS 

Tel: 33-24-87 

Telex: 11216 ITIKAL SY 

Cable: ELECTROBOR DAMASCUS 
E 


Middle East Electronics 
Place Azmé 

Boite Postale 2308 
DAMASCUS 

Tel: 334592 

Telex: 11304 SATACO SY 
MP 


TAIWAN 

Hewlett-Packard Far East Ltd. 
Kaohsiung Office 

2/F 68-2, Chung Cheng 3rd Road 
KAOHSIUNG 

Tel: 241-2318, 261-3253 
CH,CS,E 

Hewlett-Packard Far East Ltd. 
Taiwan Branch 

5th Floor 

205 Tun Hwa North Road 
TAIPEI 

Tel:(02) 751-0404 
Cable:HEWPACK Taipei 
A,CH,CM,CS,E,M,P 

Ing Lih Trading Co. 

3rd Floor, 7 Jen-Ai Road, Sec. 2 
TAIPEI 100 

Tel: (02) 3948191 

Cable: INGLIH TAIPEI 

A 


THAILAND 

Unimesa 

30 Palpong Ave., Suriwong 
BANGKOK 5 

Tel: 234 091, 234 092 
Telex: 84439 Simonco TH 
Cable: UNIMESA Bangkok 
A,CH,CS,E,M 

Bangkok Business Equipment Ltd. 
5/5-6 Dejo Road 

BANGKOK 

Tel: 234-8670, 234-8671 
Telex: 87669-BEQUIPT TH 
Cable: BUSIQUIPT Bangkok 
Pp 


TRINIDAD & TOBAGO 
Caribbean Telecoms Ltd. 

50/A Jerningham Avenue 

P.O. Box 732 

PORT-OF-SPAIN 

Tel: 62-44213, 62-44214 
Telex: 235,272 HUGCO WG 
A,CM,E,M,P 


TUNISIA 

Tunisie Electronique 

31 Avenue de /a Liberte 
TUNIS 

Tel: 280-144 

EP 

Corema 

1 ler. Av. de Carthage 
TUNIS 

Tel: 253-821 

Telex: 12319 CABAM TN 
M 


TURKEY 

Teknim Company Ltd. 
tran Caddesi No. 7 
Kavaklidere, ANKARA 
Tel: 275800 

Telex: 42155 TKNM TR 
E 


EMA. 

Medina Eldem Sokak No.4 1/6 
Yuksel Caddesi 

ANKARA 

Tel: 175 622 

M 


UNITED ARAB EMIRATES 
Emitac Lid. 

P.O. Box 1641 

SHARJAH 

Tel: 354121, 354123 

Telex: 68136 Emilac Sh 
CH,CS,E,M,P 


& 


UNITED KINGDOM 
soo: GREAT BRITAIN 
NORTHERN IRELAND 
SCOTLAND 


UNITED STATES 


Alabama 
Hewlett-Packard Co. 
700 Century Park South 
Suite 128 

BIRMINGHAM, AL 35226 
Tek (205) 822-6802 
CH,MP 

Hewlett-Packard Co. 
P.O. Box 4207 

8290 Whitesburg Drive, S.E. 
HUNTSVILLE, AL 35802 
Tel: (205) 881-4591 
CH,CM,CS,E,M* 


Alaska 

Hewlett-Packard Co. 

1577 “C” Street, Suite 252 
ANCHORAGE, AK 99501 

Tel: (907) 276-5709 

CH* 


Arizona 
Hewlett-Packard Co. 
2336 East Magnolia Street 
PHOENIX, AZ 85034 

Tel: (602) 273-8000 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
2424 East Aragon Road 
TUCSON, AZ 85706 

Tel: (602) 889-4631 
CH,E,MS*°* 


Arkansas 

Hewlett-Packard Co. 

P.O. Box 5646 

Brady Station 

LITTLE ROCK, AR 72215 

111. Filmore 

LITTLE ROCK, AR 72205 

Tel: (501) 664-8773, 376-1844 
MS 


California 
Hewlett-Packard Co. 
99 South Hill Dr. 
BRISBANE, CA 94005 
Tel: (415) 330-2500 
CH,CS 
Hewlett-Packard Co. 
7621 Canoga Avenue 
CANOGA PARK, CA 91304 
Tel: (213) 702-8300 
A,CH,CS,E,P 
Hewlett-Packard Co. 
5060 Clinton Avenue 
FRESNO, CA 93727 
Tel: (209) 252-9652 
MS 


Hewlett-Packard Co. 
P.O. Box 4230 

1430 East Orangethorpe 
FULLERTON, CA 92631 
Tel: (714) 870-1000 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 
320 S. Kellogg, Suite B 
GOLETA, CA 93117 

Tel: (805) 967-3405 
CH 


Hewlett-Packard Co. 
5400 W. Rosecrans Boulevard 
LAWNDALE, CA 90260 
P.O. Box 92105 

LOS ANGELES, CA 90009 
Tel; (213) 970-7500 
Telex: 910-325-6608 
CH,CM,CS,MP 
Hewlett-Packard Co. 
3200 Hillview Avenue 
PALO ALTO, CA 94304 
Tel: (415) 857-8000 
CH,CS,E 


Hewlett-Packard Co. 

P.O. Box 15976 (95813) 
4244 So. Market Court, Suite A 
SACRAMENTO, CA 95834 
Tel: (916) 929-7222 
A*,CH,CS,E,MS 
Hewlett-Packard Co. 
9606 Aero Drive 

P.O. Box 23333 

SAN DIEGO, CA 92123 
Tel: (714) 279-3200 
CH,CM,CS,E,MP 
Hewlett-Packard Co. 
2305 Camino Ramon “C” 
SAN RAMON, CA 94583 
Tel: (415) 838-5900 
CH,CS 


Hewlett-Packard Co. 
P.O. Box 4230 

Fullerton, CA 92631 

363 Brookhollow Drive 
SANTA ANA, CA 92705 
Tel: (714) 641-0977 
A,CH,CM,CS,MP 
Hewlett-Packard Co. 
Suite A 

5553 Hollister 

SANTA BARBARA, CA 93111 
Tel: (805) 964-3390 
Hewlett-Packard Co. 
3003 Scott Boulevard 
SANTA CLARA, CA 95050 
Tel: (408) 988-7000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
5703 Corsa Avenue 
WESTLAKE VILLAGE, CA 91362 
Tel: (213) 706-6800 
E*,CH*,CS° 
Colorado 
Hewlett-Packard Co. 

24 Inverness Place, East 
ENGLEWOOD, CO 80112 
Tel: (303) 771-3455 
Telex: 910-935-0785 
A,CH,CM,CS,E,MS 


Connecticut 
Hewlett-Packard Co. 

47 Barnes Industrial Road South 
P.O. Box 5007 

WALLINGFORD, CT 06492 

Tel: (203) 265-7801 
A,CH,CM,CS,E,MS 


Florida 

Hewlett-Packard Co. 

P.O. Box 24210 (33307) 
2901 N.W. 62nd Street 
FORT LAUDERDALE, FL 33307 
Tel: (305) 973-2600 
CH,CS,E,MP 
Hewlett-Packard Co. 

4080 Woodcock Drive, #132 
Brownett Building 
JACKSONVILLE, FL 32207 
Tel: (904) 398-0663 

Ge E . .MS ee 
Hewlett-Packard Co. 


1101 W. Hibiscus Ave., Suite E210 


MELBOURNE, FL 32901 
Tel: (305) 729-0704 

E* 

Hewlett-Packard Co. 
P.O. Box 13910 (32859) 
6177 Lake Ellenor Drive 
ORLANDO, FL 32809 

Tel: (305) 859-2900 
A,CH,CM,CS,E,MS 


Hewlett-Packard Co. 
6425 N. Pensacola Bivd. 
Suite 4, Building 1 

P.O. Box 12826 
PENSACOLA, FL 32575 
Tel: (904) 476-8422 
A.MS 

Hewlett-Packard Co. 
57508 N. Hoover Bivd., Suite 123 
TAMPA, FL 33614 

Tel: (813) 884-3282 
A*,CH,CM,CS,E*,M* 


Georgla 
Hewlett-Packard Co. 
P.O. Box 105005 
ATLANTA, GA 30348 
2000 South Park Place 
ATLANTA, GA 30339 
Tel: (404) 955-1500 
Telex: 810-766-4890 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
P.O. Box 816 (80903) 
2531 Center West Parkway 
Suile 110 

AUGUSTA, GA 30904 
Tel: (404) 736-0592 
MS 

Hewlett-Packard Co. 
200-E Montgomery Cross Rds. 
SAVANNAH, GA 31401 
Tel:(912) 925-5358 
CH** 


Hewlett-Packard Co. 

P.O. Box 2103 

WARNER ROBINS, GA 31099 
1172 N. Davis Drive 
WARNER ROBINS, GA 31093 
Tel: (912) 923-8831 

E 


Hawall 

Hewlett-Packard Co. 
Kawaiahao Plaza, Suite 190 
567 South King Street 
HONOLULU, HI 96813 

Tel: (808) 526-1555 
A,CH,E,MS 


Ilinols 

Hewlett-Packard Co. 

211 Prospect Road, Suile C 
BLOOMINGTON, IL 61701 
Tel: (309) 662-9411 
CH,MS°* 

Hewlett-Packard Co. 

1100 31st Street, Suite 100 
DOWNERS GROVE, IL 60515 
Tel: (312) 960-5760 

CH,CS 


Hewlett-Packard Co. 

5201 Tollview Drive 
ROLLING MEADOWS, IL 60008 
Tel: (312) 255-9800 
A,CH,CM,CS,E,MP 


Indiana 

Hewlett-Packard Co. 

P.O. Box 50807 

7301 No. Shadeland Avenue 
INDIANAPOLIS, IN 46250 

Tel: (317) 842-1000 
A,CH,CM,CS,E,MS 


lowa 

Hewlett-Packard Co. 
1776 22nd Street, Suite 1 
WEST DES MOINES, IA 50265 
Tel: (515) 224-1435 
CHMS** 
Hewlett-Packard Co. 
2415 Heinz Road 

IOWA CITY, IA 52240 

Tel: (319) 351-1020 
CH,E*,MS 


Kansas 
Hewlett-Packard Co. 
1644 S. Rock Road 
WICHITA, KA 67207 
Tel: (316) 684-8491 
CH 


Kentucky 
Hewlett-Packard Co. 
10300 Linn Station Road 
Suite 100 

LOUISVILLE, KY 40223 
Tel: (502) 426-0100 
A,CH,CS,MS 


Loulslana 
Hewlett-Packard Co. 
8126 Calais Bidg. 
BATON ROUGE, LA 70806 
Tel: (504) 467-4100 
A’’ ,CH’ . 
Hewlett-Packard Co. 
P.O. Box 1449 
KENNER, LA 70062 
160 James Drive East 
DESTAHAN, LA 70047 
Tel: (504) 467-4100 
A,CH,CS,E,MS 


Maryland 
Hewlett-Packard Co. 
7121 Standard Drive 
HANOVER, MD 21076 
Tel: (301) 796-7700 
Telex: 710-862-1943 
Eff. Dec. 1, 1982 
3701 Koppers St. 
BALTIMORE, MD 21227 
Tel: (301) 644-5800 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
2 Choke Cherry Road 
ROCKVILLE, MD 20850 
Tel: (301) 948-6370 
A,CH,CM,CS,E,MP 


Massachusetts 
Hewlett-Packard Co. 
32 Hartwell Avenue 
LEXINGTON, MA 02173 
Tel: (617) 861-8960 
A,CH,CM,CS,E,MP 


Michigan 
Hewlett-Packard Co. 
23855 Research Drive 
FARMINGTON HILLS, MI 48024 
Tel: (313) 476-6400 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
4326 Cascade Road S.E. 
GRAND RAPIDS, MI 49506 
Tel: (616) 957-1970 
CH,CS,MS 
Hewlett-Packard Co. 

1771 W. Big Beaver Road 
TROY, Mi 48084 

Tel: (313) 643-6474 
CH,CS 


Minnesota 
Hewlelt-Packard Co. 
2025 W. Larpenteur Ave. 
ST. PAUL, MN 55113 

Tel: (612) 644-1100 
A,CH,CM,CS,E,MP 


Mississippi 
Hewlett-Packard Co. 
P.O. Box 5028 
1675 Lakeland Drive 
JACKSON, MS 39216 
Tel: (601) 982-9363 
MS 


Missouri 
Hewlett-Packard Co. 
11131 Colorado Avenue 
KANSAS CITY, MO 64137 
Tel: (816) 763-8000 
A,CH,CM,CS,E,MS 


Hewlett-Packard Co. 

P.0. Box 27307 

1024 Executive Parkway 
ST. LOUIS, MO 63141 

Tel: (314) 878-0200 
A,CH,CS,E,.MP 

Effective September 1982: 
13001 Hollenberg Drive 
BRIDGETON, MO 63044 


Nobraska 
Hewlett-Packard 

7101 Mercy Road 
Suite 101, IBX Building 
OMAHA, NE 63106 

Tel: (402) 392-0948 
CM.MS 


a 
wa 


Novada 
Hewlett-Packard Co 
Suite D-130 

5030 Paradise Bivd. 
LAS VEGAS, NV 89119 
Tel: (702) 736-66 10 
Ms?" 


Now Jersey 
Hewlett-Packard Co. 
W120 Century Road 
PARAMUS, NJ 07652 
Tel: (201) 265-5000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 
60 New England Av. West 
PISCATAWAY, NJ 08854 
Tel: (201) 981-1199 
A,CH,CM,CS,E 


Now Mexico 
Hewlet!-Packard Co. 

P.O. Box 11634 
ALBUQUERQUE, NM 87112 
11300 Lomas Bivd.,N.E. 
ALBUQUERQUE, NM 87123 
Tel: (505) 292-1320 
Telex: 910-989-1185 
CH,CS,E.MS 


Now York 
Hewlett-Packard Co. 

5 Computer Drive South 
ALBANY, NY 12205 

Tel: (518) 458-1550 
Telex: 710-444-4691 
A,CH.E.MS 


Hewlett-Packard Co. 
P.O. Box 297 

$600 Main Street 
CLARENCE, NY 14031 
Tel: (716) 759-8621 
Telex: 710-523-1893 
CH 


Hewlelt-Packard Co. 

200 Cross Keys Office 
FAIRPORT, NY 14450 

Tel: (716) 223-9950 
Telex: 510-253-0092 
CH,CM,CS,E,MS 
Hewlett-Packard Co. 
7641 Henry Clay Bivd. 
UVERPOOL, NY 13088 
Tel: (315) 451-1820 
A.CH,CM,E,MS 
Hewlett-Packard Co. 

No. 1 Pennsylvania Piaza 
55th Floor 

34th Street & Bth Avenue 
NEW YORK, NY 10119 
Tel: (212) 971-0800 
CH,CS,E*,M° 


is | 
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SALES & SUPPORT OFFICES 


Arranged Alphabetically by Country 


Hewlett-Packard Co. 
250 Westchester Avenue 
WHITE PLAINS, NY 10604 
CM,CH,CS,E 
Hewlett-Packard Co. 

3 Crossways Park West 
WOODBURY, NY 11797 
Tel: (516) 921-0300 
Telex: 510-221-2183 
A,CH,CM,CS,E,MS 


North Carolina 
Hewlett-Packard Co. 
4915 Water's Edge Drive 
Suite 160 

RALEIGH, NC 27606 

Tel: (919) 851-3021 
C.M 

Hewlett-Packard Co. 
P.O. Box 26500 

5605 Roanne Way 
GREENSBORO, NC 27450 
Tel: (919) 852-1800 
A,CH,CM,CS,E,MS 


Ohlo 
Hewlett-Packard Co. 
9920 Carver Road 
CINCINNATI, OH 45242 
Tel: (513) 891-9870 
CH,CS,MS 


Hewlett-Packard Co. 
16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
Telex: 810-423-9430 
A,CH,CM,CS,E,MS 
Hewlett-Packard Co. 
962 Crupper Ave. 
COLUMBUS, OH 43229 
Tel: (614) 436-1041 
CH,CM,CS,E° 
Hewlett-Packard Co. 
P.O. Box 280 

330 Progress Rd. 
DAYTON, OH 45449 
Tel: (513) 859-8202 
A,CH,CM,E* MS 


Oklahoma 

Hewlett-Packard Co. 

P.O. Box 32008 

Oklahoma City, OK 73123 
1503 W. Gore Blvd., Suite #2 
LAWTON, OK 73505 

Tel: (405) 248-4248 

Cc 


Hewlett-Packard Co. 

P.O. Box 32008 
OKLAHOMA CITY, OK 73123 
304 N. Meridian Avenue, Suile A 
OKLAHOMA CITY, OK 73107 
Tel: (405) 946-9499 
A*,CH,E*,MS 
Hewletl-Packard Co. 

Suite 121 

9920 E. 42nd Street 
TULSA, OK 74145 

Tel: (918) 665-3300 
A’*,CH,CS,M* 


Oregon 
Hewlett-Packard Co. 
1500 Valley River Drive 
Suite 330 

EUGENE, OR 97401 
Tel: (503) 683-8075 
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TROUBLESHOOTING HELP 


Simplified Operation (Section ITI) 

Operator’s Checks (Functional, Memory, 
HP-IB — Section ITI) 

Table 4-1. Abbreviated Performance Tests 

Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 


The basic frequency generating circuitry is com- 
posed of the Reference Section, phase lock loops 
and Output Section (in the upper-left, center and 
right hand portions of the block diagram respec- 
tively). All of the reference frequencies used within 
the instrument are obtained from the Reference 
Section. A total of seven phase lock loops work 
together to produce the fundamental frequency 
band of 320 to 640 MHz with a step resolution of 0.1 
Hz. This fundamental (or basic) band is sent to the 
Output Section where it is doubled, passed 
straight through or down-converted to produce the 
entire frequency range at the RF output (.01 to 
1280 MHz). 


The Digital Control Unit (DCU) controls the oper- 
ation of the unit. It accepts keyboard or remote 
inputs and generates internal data and control 
signals to control the signal at the RF output. 
Power for the instrument is supplied by a switching- 
regulated power supply. 


Reference Section 


All of the reference frequencies used within the 
instrument are obtained from the Reference Sec- 
tion. This block is composed of doublers, dividers, 
and mixers, all of which are driven by a single 
temperature-stabilized 10 MHz crystal oscillator. 
Outputs from the Reference Section are 10, 20, 120, 
520, and 320—640 MHz (in 20 MHz steps). Signal 
levels vary depending on which section they are 
being sent to. 


Phase Lock Loops. The Generator uses the indi- 
rect synthesis method for generating output fre- 
quencies. Phase lock loop(PLL) circuits are locked 
to signals from the Reference Section and gener- 
ate signals which are combined to give the desired 
output frequency. All output frequencies retain the 
same accuracy and stability as the 10 MHz refer- 
ence signal. PLL’s are found in the High Fre- 
quency, Low Frequency, Fractional-N, and Modu- 
lation Sections. 
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High Frequency Loops. The Reference Sum Loop 
and the Output Sum Loop are two nearly identical 
circuits. The Reference Sum Loop starts with 
320—640 MHz and 10 or 20 MHz signals from the 
Reference Section. Together, these signals are 
related to digits Dg and Dg in the FREQUENCY 
readout (that is, in the basic band only). These 
signals are combined in the Output Sum Loop 
with the low frequency loops output that has a 0.1 
Hz resolution. 


Low Frequency Loops. The Low Frequency sec- 
tion consolidates several signals and produces an 
output signal having the characteristics of all of 
the inputs. This section has three phase lock loops: 
the N-Loop, the Low Frequency Sum Loop, and the 
FM Sum Loop. 


The N-Loop generates a signal related to the D7 
and De digits of the FREQUENCY readout (in the 
basic band). The other two loops combine this sig- 
nal with outputs from the Fractional-N Loop anda 
20 MHz reference signal from the Modulation or 
Reference Section. When the FM mode is selected, 
the 20 MHz signal is frequency modulated at the 
level needed to provide the desired amount of 
deviation at the front panel RF output. 


Fractional-N-Loop. The Fractional-N Loop uses 
the 10 MHz reference signal to produce an output 
that is related to digits Ds5,D4,D3,D2,D1, and Do of 
the FREQUENCY readout (in the basic band). 
The phase lock loop is called “Fractional-N” be- 
cause the divider in the feedback circuit can divide 
by both integer and fractional values. This is 
accomplished by using digital dividers that by 
themselves only divide by integer values, but with 
extra control circuitry can switch the “divide-by”’ 
integer (N) between two values so that the average 
value of N contains a fractional part. 


For example, to divide by 1300.455, the divider, 
would divide by 1301 for 455 cycles and by 1300 for 
545 cycles. Over 1000 cycles, the effective division 
is by 1300.455. The Fractional-N Loop provides 
high resolution, faster switching, and lower noise. 


Modulation Section and FM Loop. The Modula- 
tion Section produces 400 and 1000 Hz signals by 
dividing a signal from the Reference Section. 
Externally applied signals can be ac or dc coupled 
as shown on the block diagram. 


The FM Loop produces one of the reference signals 
for the FM Sum Loop. The signal is 20 MHz with 
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FM. The phase lock loop is unlocked when a dc- 
coupled signal from the front panel’s MODLA- 
TION INPUT is selected. Thus, the 140 MHz 
Oscillator operates in a free run condition without 
any correction. 


Output Section 


The output section converts the basic band (320 to 
640 MHz) from the High Frequency Section to all 
other frequencies by multiplying it, passing it 
through, or dividing it. This section also controls 
the RF level of the signal. It does this with a group 
of electromechanical attenuators. These attenua- 
tors reduce the amplitude in 5 dBincrements from 
5 dB through 140 dB. Electronic leveling keeps the 
output level constant and provides finer output 
step resolution. 


The Reverse Power Protection circuit, if triggered, 
opens a relay in series with the output. The trigger 
level is set to 10 volts peak RF. Limiting diodes 
provide initial protection until the relay opens. 
AM is applied to the output signal at each of the 
three separate Automatic Gain Control (AGC) 
modulators. 


Digital Control Unit 


The Digital Control Unit (DCU) is a microproces- 
sor based controller that is responsible for direct- 
ing the operation of the instrument. It takes 
information from the keyboard, HP-IB interface 
or AUX connector. It stores the data, calculates 
the required oscillator frequencies, determines 
internal switch settings, and provides basic con- 
trol over the instrument. Although not shown on 
this block diagram, the DCU isa transfer point for 
digital data to all the sections. 


Power Supply 


This instrument uses a switching-regulated power 
supply that provides high efficiency and low heat 
dissipation. 


TROUBLESHOOTING 


Introduction 

Troubleshooting is structured into three levels: 

1. Instrument (to identify a defective section) 

2. Section (to identify a defective assembly) 

3. Assembly (to identify a defective component) 


The general procedure is to begin at the instru- 
ment level to isolate the problem to a section 
(Block Diagram A), then to an assembly within 
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the section (Block Diagrams B-I), and finally toa 
component on the assembly (detailed schematics). 
There is troubleshooting information on the 
block diagrams which can be used by someone 
who understands the theory of operation to isolate 
the problem to the next lower level. There is a 
troubleshooting procedure with each block dia- 
gram. These procedures are the recommended 
troubleshooting approach for someone who is 
inexperienced with servicing the Generator. To 
effectively use these procedures you need a basic 
understanding of the principles of operation. Read 
the theory before using the procedure so the proce- 
dure becomes a guide. Many short cuts are possi- 
ble as more experience is gained. 


WARNING 


When working on the power supply, 
remember that high voltage is present 
atalltimes when the line cord is plugged 
in (that is, plus and minus 160 Vdc and 
line voltage). Unplug the line cord be- 
fore doing anything to the power supply. 
The line switch has no effect on the high 
voltage. 


When working near the rear panel, be 
careful to keep long hair from being 
drawn into the fan. This could cause 
personal injury. 


CAUTION 


DO NOT plug in or unplug any board 
assembly with the instrument line 
switch turned on. Always turn the line 
switch to STANDBY when removing or 
inserting a board. There are some com- 
ponents that could be damaged by tran- 
sients generated this way. 


The “LINE” fuse should not be replaced 
until the cause of its failure is deter- 
mined. Replacing this fuse in a dam 
aged Generator might cause additional 
damage. A qualified service person 
should first determine the cause of its 
failure, specifically with resistance 
checks in the power supply (see Service 
Sheet 55); repair the failure and then 
replace the fuse. 


When measuring frequency, connect a cable from 
the Generator’s 10 MHz Reference output (rear 
panel) to the counter’s reference input and set the 
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counter Reference switch to EXT. All time bases 
will be a little different so this will ensure that all 
correct frequency readings will be off only by the 
resolution error of the counter. 


When measuring frequency or power level at an 
output connector, disconnect any cable that is 
normally connected so the measuring instrument 
is the only load on the output. If the cable must 
remain connected to make a valid measurement, 
this will be specifically stated. 


All power level values given are as measured on a 
spectrum analyzer. Measurements made with a 
power meter might give a slightly higher reading. 
ECL signals will read approximately 2 dB higher 
with a power meter because the harmonics are 
high and add to the power meter reading. 


Instrument Level Troubleshooting 


The following procedure can be used to isolate an 
instrument malfunction to one of the sections. 


1. Check power supply voltages. Remove the top 
cover of the instrument. The power supply isin 
the left-rear corner. Test points to check each 
of the voltages are accessible through open- 
ings in the power supply top cover. Silkscreen- 
ing on the cover identifies the test points. Mea- 
sure each of the voltages and compare to the 
tolerance in Table 8-201. 


Table 8-201. Power Supply Voltages 


Supply Voltage 


If a voltage is out of tolerance, adjust it. The 
voltage should be adjustable above and below 
the nominal value within the tolerance limits. 
If a voltage cannot be adjusted to within lim- 
its, there is a problem with the power supply, 
so continue troubleshooting on Service Sheet I. 


If the Generator fails to turn on, check the power 
supply voltages first. If they are incorrect, con- 
tinue on Service Sheet I. If the power supply 
voltages are correct, continue on Service Sheet 
B (the Digital Control Unit). 
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2. STATUS light flashes. All sections contain 
self-check circuitry which can detect some 
malfunctions. When a malfunction is detected, 
the STATUS light flashes. Press the STATUS 
key and hold it down and the status code will 
be displayed on the frequency display (on the 
right). If 99 is displayed, press the Blue Key 
and then the STATUS key. The actual status 
code will be displayed. Table 8-203 defines the 
status codes and where to continue trouble- 
shooting if one occurs. Many codes do not indi- 
cate an “error” so no further troubleshooting is 
necessary. The codes in Table 8-203 that are 
followed by an asterisk (*) indicate errors 
which could be caused by an external means 
(operator setting, external reference, etc.). 
Check this possibility before troubleshooting 
the Generator. Table 8-204 is a list of special 
function codes that would be displayed on the 
left when the STATUS key is pressed. 


There are many errors which cannot be de- 
tected by the self-check circuitry and it’s also 
possible for the self-check circuitry to malfunc- 
tion. Therefore, use the status code only as a 
guide. Confirm that the problem indicated by 
the status code really exists. 


NOTE 


Under certain conditions, it is possible 
for Status code 10, “Amplitude out of 
specification”, to turn on when no ampli- 
tude error exists. This can happen dur- 
ing fast repetitive sweeps (for example, 
Auto Sweep or Remote Stepped Sweep, 
with the time/step less than 1 ms). Cor- 
rective action is not required unless code 
10 persists in conditions other than the 
fast repetitive sweep. 


If no status code is present, continue with 
Step 3. 


3. All malfunctions can be divided into six gen- 
eral classifications. 


a) Front Panel, HP-IB and AUX malfunc- 
tions. This includes all improper operation of 
keys, display and indicators. Begin treuble- 
shooting with Service Sheet B. 


b) RF output frequency not correct. Begin 
troubleshooting with Step 4. 


c) RF output power level not correct. Begin 
troubleshooting with Step 5. 


d) Modulation problems. Begin troubleshoot- 
ing with Service Sheet F. 
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e) High spurs or phase noise. Begin trouble- 
shooting with Step 6, below. 


f) Problems associated with front and rear 
panel connectors (except RF output). Table 8- 
202, shows where to start troubleshooting 
when the signal from an output connector is 
not normal or the signal applied to an input 
connector does not produce the desired effect. 


Table 8-202. Failures Associated with External 
Connectors 


Troubleshoot 
Assembly 
(Service Sheet) 


SWEEP OUTPUT 
MODULATION INPUT 

AUX (Inputs) 

AUX (Outputs) 

PEN LIFT 

Z AXIS BLANKING/MARKE&ER 
AM MARKER 

MODULATION OUTPUT 
AUX FM INPUT 

(10 MHz Reference) OUTPUT 
(5 or 10 MHz Reference) INPUT 


A2A2 (16) 
A4A9 (40) 
A2A2( 3) 
A2A2 (17) 
A2A2 (17) 
A2A2 (16) 
A2A2 (16) 
A4A9 (40) 
A4A6 (39) 
A8A4 (18) 
A8A4 (18) 


RF Output Frequency Not Correct. 


a) Measure the RF output frequency with a 
counter. Run a cable from the Generator’s 10 
MHz reference output to the counter external 
time base input and move the counter time 
base switch to external. 


b) Ifthe frequency is not stable (that is, it 
varies more than +1 count), there is a phase 
lock loop unlocked. Measure the output of each 
section containing phase lock loops shown on 
the block diagram until the bad section is 
found. Start at the bottom of the block dia- 
gram and move up. Then continue trouble- 
shooting on the service sheet for the bad 
section. 
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c) If the frequency is stable, measure the 
High Frequency Loops Section output fre- 
quency. If this frequency is normal, the prob- 
lem is in the Output Section. Otherwise, mea- 
sure the output of each section starting at the 
bottom of the block diagram until the bad 
section is found. Then continue troubleshoot- 
ing on the service sheet for the bad section. 


RF Power Level Not Correct. Measure the 
power level of the output signal from the High 
Frequency Loops Section. If this power level is 
not within the limits given on the block dia- 
gram, thereis a problem in the High Frequency 
Loops Section so continue troubleshooting on 
Service Sheet D. If this power level is normal, 
the problem is in the Output Section, so continue 
troubleshooting on Service Sheet E. 


High Spurs or Phase Noise. This is the most 
difficult type of problem to troubleshoot. Some 
troubleshooting experience and a thorough 
understanding of the theory of operation of 
the instrument are needed to be successful. 
The general procedure to follow is: 


a) Locate the section of the instrument in 
which the problem is originating. 


b) Search for the cause. In the case of high 
phase noise it is now a matter of trying 
different things to narrow the'cause. This is 
where experience helps. If the problem is 
spurs, identify the source of the spur. The 
location of the spur and how it moves in 
relation to the center frequency can provide a 
lot of information when the theory of operation 
of the Generator is well understood. Removing 
cables or substituting signals from an external 
source are also useful techniques. 


c) Once the source of the spur is known look 
for the coupling mechanism. This often re- 
quires a lot of trial and error work. 
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Table 8-203. Status Code Descriptions (1 of 2) 


Continue 
Status Description Troubleshooting 
Code on Service Sheet 


No error 

No signal level or no reference oscillator. Check INT-EXT switches on rear 
panel 

Fractional-N Loop unlocked 

N-Loop unlocked (Low Frequency Section) 

Sum Loop unlocked (Low Frequency Section) 

FM Sum Loop unlocked (Low Frequency Section) 

Reference Sum Loop unlocked (High Frequency Section) 

Output Sum Loop unlocked (High Frequency Section) 

FM Loop unlocked 

Reverse power protection triggered. If reverse power was applied, 
press AMPLITUDE key to reset the Generator’s output. If no reverse 
power was applied, continue troubleshooting. 

Amplitude error in Output Section (see also Troubleshooting step 2). 

Over modulation (FM). Compare deviation and rate to specifications. 
Reduce input level,or if within specification, continue troubleshooting. 

Reference oscillator not heat stabilized. This condition should not exist 
for more than 1 hour after the line cord is plugged in. 

External reference selected. 

Frequency of reference signal out of tolerance. 

AM overmodulation in AM +FM mode. Reduce input level. 


moommmas 


NOTE 


Errors 16-31 are triggered by self-check circuitry in the Digital Con- 
trol Unit (DCU). The frequency, level and modulation data sent to 
the other sections is also read back from the DCU’s output. Thus 
when an error occurs, it could be that the data is bad or that the 
read-back circuitry is bad. 


DFO or DF 1 

DF2 or DF3 Fault in frequency output data 
DF4 or DF5 

DF6 

Binary 

Frequency range data Fault in frequency output data - 
DF9 

Not used 
MAO to MA7 

MA8 to MA10 } Fault in modulation output data 
MSO to MS7 

Step attenuator data 

LV1—0 through LV2—3 } Fault in level output data 
LV2—4 through LV2—11 

Frequency selection out of range (1 kHz to 1.28 GHz). 
Amplitude selection > +16 dBm. Entry ignored. 
Amplitude selection <—139.9 dBm. Entry ignored. 


*These errors could have an external cause. Check before troubleshooting the Generator. 
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(FOR RF OUTPUT BETWEEN 320 AND 640 MHz) 
- EASA AL ELD plates BERS, fees OUTPUT SUM LOOP comm, 
Table 8-203. Status Code Descriptions (2 of 2) Pa et ey : oousten sano MODULATOR 
320-640 MHz, Af = 20 MHz >-3 dBm pedo bees 
to Reference Sum Loop 


Continue 
Description Troubleshooting 
on Service Sheet 


310 TO 620 MHz 
Af = 10 MHz 


520 MHz rey 
to Output Section from Reference Section 


[Ds 


Ds 
) 8 
[ 


OUTPUT STEP 
MODULATOR AMPLIFIER ATTENUATOR gts 
R 


PROTECTION 


vco 


FREQUENCY 120 MHz 

DOUBLERS, to FM Loop Wor 20 MHz Poe 
DIVIDERS, ‘01 nce ‘ion 

AND MIXERS 20 MHz (CW) 

to FM Sum Loop 


HIGH FREQUENCY LOOPS 


DOWN CONVERTER 
BAND 520.01—-640 MHz 


Amplitude >+10 dBm or 710 mV. AM not specified. 

Amplitude selection >999 mV or <0 yV. Entry ignored. 

AM selection >95% or <0%. Entry ignored. 

Frequency >150 kHz. AM invalid. 

FM <200 kHz or >0.0 kHz invalid. 

FM >100 kHz invalid for frequencies between 320 and 640 MHz, or 1 kHz 


(FOR RF OUTPUT BETWEEN 320 AND 640 MHz) 
f= 10 MHz (IF Dg IS EVEN) 
f= 20 MHz (IF Dg IS ODD) 


(FOR RF OUTPUT BETWEEN 320 AND 640 MHz) 
f = DISPLAYED FREQUENCY 


FM= DISPLAYED DEVIATION 
+3 TO —13 dBm 


10 or 20 MHz 
to Reference Sum Loop 120 MHz from 


INTERNAL +2 dBm +2, -5 dB Reference Section 
10 MHz 


10 MHz 
REFERENCE to N Loop 
w31 


520 MHz from 
Reference Section 


OSCILLATOR 
10 MHz >10 dBm 
to Modulation Section IN FM MODE ED 


and 120 MHz. rome 
FM >50 kHz invalid for frequencies between 160 and 320 MHz. bei cr cs MODULATION SECTION —n ees FM 00? mmm, [444102 foun. 
REFERENCE SECTION XA4A9(3) AM SIGNAL AMPLIFIER 


FM >25 kHz invalid for frequencies between 120 and 160 MHz. 
Wrong entry protocol. Entry ignored. 


fF @. 
tL OUTPUT INPUT FM = DISPLAYED DEVIATION TIMES 10 
por dedy ibs SA “all | —15 d8m +2 dB 


igni igi i imal point. 
Too many significant digits prior to decimal p ae ae es 
from Power Supply PHASE DETECTOR 
REFERENCE 


Start and stop frequencies equal. 
Parameter underflow. Defaulted to zero. 
Marker out of limits (start-stop). 

| >4aem | 


Marker out of limits (span) NOTES 
Sweep step size is greater than start/stop frequency difference (FOR RF OUTPUT BETWEEN 320 AND 640 MHz) 1. TROUBLESHOOTING TO THE DCU IS EXPLAINED IN TEXT, 
MODULATION f=10+D,.D Dp MHz 
LEVEL 7-650 423720 199 2. ECL LOGIC LEVELS IN THIS INSTRUMENT ARE NON-STANDARD 


DUE TO THE SUPPLY VOLTAGE USED. A HIGH LEVEL IS 


ll error. Register failed or non-existent. 
Store/ Reca 1TO g ADL hae => SAEDISEEA TECIDEVIATION > +4.0V; A LOW LEVEL IS <#3.5V 
Recall 0 invalid (1-9 only). Heference Section ~ STD E19 280 3. FREQUENCY FORMULAS AT THE ouTPuTS OF BLOCKS G, H, AND 
RAM data altered; first good register recalled; special functions cleared. MODULATION SECTION AND FM LOOP 20 mlz (CW) from n ccnetn kur an on ie (THAT peti nied 
. (NEUTRAL) Reft Secti z iz a 4 . 
Re-enter data for Store-Recall registers. pa IF A FREQUENCY FAILURE OCCURS OUTSIDE THE BASIC BAND 
eae NLY, TH u APPLY. IN THIS CASE THE 
RAM faulty. Generator initialized to 100 MHz and -30 dBm. Re-enter data FAILURE IS PROBABLY IN THE QUTPUT SECTION (TURN TO 
ERVICE SHEET E TO BEGIN TROUBLESHOOTING). 
for all registers. ianay See] 
; : ae say Sea Cea THE FORMULAS RELATE TO THE FRONT PANEL FREQUENCY 
No amplitude correction above +13 dBm. voitace } = | 77 ce: Ls THROUGH i ee a ee ee re 
Sweep steps >10,000. Staircase ramp disabled (SWEEP OUTPUT = OV). ! H td Bee RN ULC TOPE COO RU CAL eAN cione 
5‘ : : a 2 H 
Special Function code invalid. Sa sead POINT DISPLAYED IN THE READOUT. 
Amplitude reference volts invalid. RR eit algae IF THE DISPLAYED FREQUENCY IS 532.876 
- en 3 ° OVEN oo aa ———— © THE OUTPUT OF BLOCK G WOULD BE: 
Key invalid in Cte modulation mode, fe eee nytt 40V + a2V “122 200-76.401 9 MHz OR 123.5981 MHz 
Sweep span out of limits. Re aN iy >7d8m 2221 ° ao a aioe I ete bai ee 
‘A 1 A iz 
M ROM or RAM) oe RED oY eibinton oe pal ies oeTecTOR ° THE OWA SE BOCK D WOULD BE: 
ry error or 2 w4o pete alte : 7 
emory error ( SHUT DOWN ven Voltoge ta 10 MHz from D4) f= 1 MHz 4. DIGITS IN THE FREQUENCY READOUT ARE NUMBERED IN THE 
See Instructions Reference Section Reference Section MANNER SHOWN BELOW. THE DECIMAL POINT DISPLAYED IN 
10 MHz THE READOUT IS NOT THE SAME AS THE DECIMAL POINT IN 
General code for internal hardware malfunction. Press blue key and status i Bi vor oe THE FORMULA, 
key tu get one of the above codes which is the actual cause of the malfunction. POWER SUPPLIES 
LOW FREQUENCY ised 
.FREQUENCY READOUT 
: D9 Dg Dg Dy Dg Dg Dy Dz Dy Dy Dg 
Table 8-204. Special Function Status Codes ALL FRONT PANEL Po pc PE Ie IPRA 
ONT oes 8°80 3 : 
A CONTROLS EXCEPT bad bued, wimind fe ob fe ie 
LINE SWITCH FREQUENCY READOUT bod bcd deed Seed Sood baad Sood Sc0d boo hod 


Description "AMPLIT 


LOW FREQUENCY 


S LOOP PHASE 
DETECTOR CAUTION 


REFERENCE 
IF THE LINE FUSE BURNS OUT, DO NOT REPLACE IT 
UNTIL THE CAUSE OF THE FAILURE HAS BEEN DETER- 
MINED AND REPAIRED (BY A QUALIFIED SERVICE 
PERSON ONLY AND SPECIFICALLY WITH RESISTANCE 
CHECKS IN THE POWER SUPPLY. SEE SERVICE SHEET 
55). REPLACING THIS FUSE IN A DAMAGED GENERATOR 
CAN CAUSE ADDITIONAL DAMAGE. 


mcs FRACTIONAL-N LOOP Sens, 


ACCUMULATOR 
e +1000.001 G 
TO 
+=2000.000 


+Freq Offset 
—-Freq Offset 
Amplitude reference 
FM INT +AM EXT AC 
FM INT +AM EXT DC 
AUX FM (rear panel input) 


: 
! HP-IB 

| ai 
L OL 


inicin s'ess ail r aa 
an Lean 
= 


. . . = W338 
Parameter shift keying increment (two-key format) . 10 MHz from BA swt ia (~) was a GRR ITAL ERT TAN 
‘ % A 1 Reference Section Sod f= 200-D,D4.D. Do MH. 
Parameter shift keying increment (one-key format) | BLANKING/MARKER | - 10 Miz 1-0 ne OE SE 
3 c = 100 Hz aa! 
& Amplitude Correction Off DIGITAL CONTROL UNIT (DCU) DETECTOR FRACTIONAL.N LOOP A 


Automatic Sequence 
Factory testing only 


Figure 8-201. Overall Block Diagram 


8-205 


SERVICE SHEET B 
DIGITAL CONTROL UNIT (DCU) BLOCK DIAGRAM 


TROUBLESHOOTING HELP 


Block Diagram A 

HP-IB Address Selection (Section II) 

HP-IB Connector (Section II) 

Memory and HP-IB I/O Checks (Section III) 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 


The main function of the Digital Control Unit (DCU) is to control the 
operation of the Signal Generator in response to data and instruc- 
tions received from the front panel keyboard, AUX connector or 
Hewlett-Packard Interface Bus (HP-IB). 

The Microprocessor/ Decoder Board maintains control of the system 
by implementing a master program stored permanently in read- 
only memory (ROM). Temporary storage of keyboard and display 
information and numerous intermediate data calculations is located 
in random-access memory (RAM). The RAM is provided with bat- 
tery backup to keep stored data intact during power-down condi- 
tions. ROM and RAM are addressed by the Microprocessor/ Decoder 
Board, as is the Control ROM on the HP-IB Board. 


The HP-IB Board functions as the instrument interface to the IEEE 
Standard 488 interface bus (HP-IB) which enables the instrument to 
be operated by an automated controller. The ROM on this board 
contains all of the software routines for interfacing the Signal Gen- 
erator to HP-IB. 


The DCU uses a bi-directional data bus for transferring information 
between the Microprocessor Board and peripheral boards. The HP- 
IB Board’s bi-directional bus arrangement allows data to be sent 
between the Signal Generator and the automated controller. All but 
three DCU boards read and write information from the data bus. 
The Readout and Sweep boards only read information off the data 
bus; the ROM Board only writes onto the bus. The Level/Modula- 
tion and Frequency Output boards have monitor circuits which 
return data to the processor. The processor can then verify that 
control information sent to the signal generating portion of the 
circuit is correct. The Keycode Board provides an interface between 
the Keyboards, status circuits, and the microprocessor. 


Signals on the DCU control bus coordinate data-transmission tim- 
ing within the DCU. The control bus consists of enable/disable, 
read/write, interrupt request, reset, and clock signal lines. Only two 
boards can interrupt the microprocessor by way of the control bus. 
They are the HP-IB and Keycode boards. In the process of transmit- 
ting and receiving data, these boards use a “handshake” routine 
that ensures information is acknowledged, read, and verified in 


proper sequence. 
Glovers Block Diagram A 
SERVICE SHEET 


Service 


SERVICE SHEET B (Cont'd) 


TROUBLESHOOTING 


If a problem has been traced to the DCU, the trou- 
bleshooting procedures in this section will narrow 
down the problem to an assembly. There are four 
separate procedures. Use the Procedure that 
matches the failure symptoms: 


ie 


Instrument dead or failure doesn’t fit into one 
of the other categories. This is a general trou- 
bleshooting procedure which should find most 
problems. Use the procedure 1 below. 


Front panel STATUS light flashed and error 
code indicates DCU failure. Use procedure 2 
below. 


HP-IB programming problems. Use the trou- 
bleshooting procedure with Service Sheet 5. 


Keyboard related problems and problems re- 
lated to the malfunction signals coming from 
the rest of the instrument. Use the trouble- 
shooting procedure with Service Sheet 3. 


Procedure 


1. 


General Troubleshooting Procedure. 


a. Remove all the boards from the DCU 
except the A2A6 processor board. 


b. Turn the Generator so it is resting on its 
right side and remove the bottom cover. 


c. Follow theinstructions on Service Sheet B2 
to connect the signature analyzer and put the 
Generator in free run mode. 


d. Takesignatures on the bottom of the DCU 
mother board at the XA2A6 connectors. If the 
+5V signature (at XA2A6A pin 1 or 19) is not 
correct there is a problem with the set-up or the 
processor is bad. Start troubleshooting the 
A2A6 (Service Sheets 6 and 7) if this signature 
cannot be obtained. 


e. If any signatures on the XA2A6 connec- 
tors are not normal, troubleshoot the A2A6 
assembly to find the cause of the problem. 
Measure the signatures on the top connector of 
A2A6 shown in Table 8-212 on Service Sheet B2 
(free run mode). 


tf. Plug in the memory boards (that is A2A7 


and A2A9) and A2A2, and perform the 


8-206 


Model 8662A 


memory tests (RAM and ROM). Follow the 
instructions on Service Sheet B3. Troubleshoot 
any errors that are found. 


g. Plug-in the data output boards (A2A3 and 
A2A4) and follow the instructions on Service 
Sheet B2 to use the signature analysis stimulus 
mode. Take signatures on the bottom of the 
DCU mother board on connectors XA2A3 and 
XA2A4 as shown on the service sheet. Most of 
A2A2 is checked during the RAM memory test 
when the keyboard LEDs come on and off. 


h. This checks all DCU boards except the 
A2A1 keycode board and the A2A5 HP-IB 
board. The A2A5 HP-IB board should have no 
effect on operation of the instrument from the 
front panel and if it does, there is most likely a 
problem with the A2A5 assembly. Trouble- 
shooting the HP-IB assembly is covered by the 
procedures with Service Sheet 5. 


i. The Keycode board is the interface be- 
tween the keyboards and the microprocessor. 
If there are problems relating to the keys or 
AUX connector troubleshoot the A2A1 board 
starting on Service Sheet 3. 


DCU Error Code Displayed. 


a. Memory must be checked first. Execute 
the ROM and RAM tests by using special 
functions 83 (ROM) and 84(RAM). These tests 
are described in Section III. If either of these 
tests fail, perform diagnostics described on 
Service Sheet B3. 


NOTE 


The special function 84 RAM diagnostic 
does not perform a comprehensive RAM 
check. If there is any reason to suspect 
that there may be RAM problems, per- 
form the RAM memory diagnostic de- 
scribed on Service Sheet B3. 


b. When the error code indicates a data out- 
put error (error codes 16 through 31), use sig- 
nature analysis to verify the failure. Follow 
the instructions on Service Sheet B2 (data out- 
put boards signature analysis stimulus) to set- 
up the signature analysis mode. Table 8-205 
identifies the signal lines that originate each 
of the status codes. Take signatures at the 
DCU mother board connectors for the data 
lines where the error was detected. 


Model 8662A Service 


c. If the signatures indicate a failure, then Diagnostic Programs 
| & extend the board and troublehsoot to find the The DCU has several internal diagnostic pro- 
cause. If the signatures at the data output grams. These programs are stored in a ROM and 
lines are normal, there is likely a problem in need only the A2A6 board in the DCU to run. 
the pig aaa ; fp Becieperent = Table 8-206 summarizes these programs. Operat- 
monitor circuitry, exten oe a p . . 
readback error ne detected and use signature a jeer eee Cee kena ae INN Pe 


analysis to find the bad component. 


Table 8-206. Diagnostic Program Summary 
Table 8-205. Error Code 


aa] | 
See 


— 


CLL 
y 


E Assembl Service | A2A8 
rror ssembly Diagnostic Switch 
Signal Line (Service Sheet) Sheet Setting 


AZA3 LEVEL/MOD OUTPUT 


LZ. 


RF LEVEL 
CONTROLS 


DFO, DF1 A2A4 


HP-IB Talk-Only 


DF2, DF3 ae \s A2A3 | i 
Mainframe Stimulus A2A6 MICROPROCESSOR/ DECODE Peper 7 
are Signature Analysis \ 
Stimulus: CRO. A N : 
DB7, DB8& Sweep Board N ATTENUATOR 
RO, R6 Mod/Level Frequency ie. a \ : MCONTROLS. 
DF9 Output Boards 6, \ + €9C,F,H 
MAO, MAT A2A3 (15) ee N Y N \ mages nog 
MA8, MA10 A2A3 (15) ROM, Continuous Run N Z \ N ; 
MSO, MS7 A2A8 (15) ‘ N Z 7 N MODULATION LEVEL 
, ROM, Stop on Error N N MONITORS 1 
step attenuator data A2A3 (1 : RAN and Indicators N VMIISLOA ADDRESS BUS (16) SELLILLIIIIE N 11 
@ Lvaa—Lvan | AdAsad a \ a \ “Tats 
ee . Continuous Run N LN NS U 
\ \ y__N_A 
N yA ti ——— TO 
A1A2 LEFT KEYBOARD/A1A3 RIGHT KEYBOARD NS —— a SSS ‘Azad re ea 
AlA2 AlIA3 V || | Z \ | (aa | 
AM LEFT KEYBOARD Se) mms RIGHT KEYBOARD SS LZ sur FREQUENCY SELECT 
\. | 41 10 c,D,E, G,H 


AZA1 KEYCODE _ 
A2Al 
KEYBOARD 


DECODING 
CIRCUITRY 


"12,13 


SWEEP 


STEP TIME 
DIVIDER 


\ 


‘ ERROR AND STATUS 
CODES FROM THE 
SIGNAL GENERATING 
CIRCUITS 


C-HG 14 


VMI bth 


G 
MARKER AND 
BLANKING 
' GENERATOR 


Mi «<I TW |_ 


Figure 8-202. Digital Control Unit (DCU) Block Diagram 


8-207/8-208 


Digital Control Unit (DCU) 
Block Diagram 
SERVICE SHEET 


Model 8662A 
HP-IB TALK-ONLY DIAGNOSTIC 


DESCRIPTION 
This diagnostic does the following: 


ll. 


Reads the HP-IB address switch on top of the A2A5 assembly and displays the switch 


setting in the front panel frequency display. 


2. Puts the Generator into a talk only mode and transmits on the bus. All 8 bit values from 0 to 
255 are sent continuously. This data can be read and analyzed by a controller. 

3. Stimulates the A2A5 assembly so signature analysis can be used to troubleshoot parts of the 
HP-IB circuitry (see Service Sheet 5). 

SET UP 

1. Set the rotary switch on the A2A6 Microprocessor Assembly to position 2. 

2. Insert a shorting pc edge connector on the top connector of the A2A6 assembly. . 

3. Connect a jumper from TP6 (ground) to TP4 (R) on A2A6. 

4. Momentarily short TP3 (RES) to ground or turn the line switch to ON. 


OPERATING INSTRUCTIONS 


1s 


Remove the jumper from TP4(R). The contents of the front panel frequency display should be 
the HP-IB address switch setting. Change the address switch to all of its positions and check 
that each setting appears in the frequency display as it is changed. 


Figure 8-203 is a sample program for the HP 9825A, HP 9835, or HP 9845 computing 
controllers to read the data the Generator is sending on the HP-IB and check that it is 
correct. Connect the HP-IB cable to the Generator and run the program. If operation is 
normal, the controller display will contain ““PASSED”. This should occur within 5 seconds 
after the RUN key is pressed. If the program is running for more than about 5 seconds, it is 
likely that the program is not reading data but is waiting because the Generator is not 
“handshaking” properly. In this case the program will stay hung-up and the problem is 
most likely the PIA(U7) or HP-IB transceivers (U6 or U9) on A2A5. Check the “handshak- 
ing” lines to find the cause. 


If the data is read but is not correct, an error printout will occur. A sample error printout is 
shown in Figure 8-204. The 8 bit data bytes received are on the left and their decimal 
equivalent on the right. The data goes from 0 to 255 and repeats. The calculator starts 
reading anywhere in the cycle and reads 256 values. After reading all the values, the data is 
analyzed and data values near where the error was detected are printed. Analyzing the 
printout can often detect a bit stuck high or low. The printout in Figure 8-204 shows the DIO7 
line stuck in the one state. 


Reserve space in memory for 
arrays A and A$. 

Sets format of all data as having 
no digits after decimal point. 


Reads 300 values from the HP-IB 
into array A. 


Check that each reading 
increases by 1. When the reading 
is 0, the sequence starts over. 


Print or display 
“Passed” or ‘“‘Error.” 


If an error was detected, start 
printing 5 readings before the 
error occured. 


Print 20 readings. 132 


14: 
15s 
16: 
Lis 
18: 
19: 


Convert the numeric value of the 
reading to binary and store in 
string array Af. 


Print the reading in binary 
(Array A$) and decimal form. 


DESCRIPTION 


1: 
2 
3: 
4: 
5 
6: 
T3 
8 


9: 
10 
La 


12: 


20 
21 


HP 9825A 


for I=l1 to 300 


: rdb(700)+A[T] 


next I 
for J=l1 to 256 


SAMPLE PROGRAMS 


HP 9835A/B or HP 9845A 


: dim A[300],A$[8];£xd 0 10 


20 
30 


! 


40 
50 
60 


70 


: if A[J+1]=0;gto +2 80 


if A[J]+l1#A[J+1];gto "error" 90 


next J 


: prt "PASSED";sto 


"error": 

: prt "ERROR" 
: J-5>K 

if K<1l;1+K 


for L=K to K+20 
A[L]+V 

for M=l1 to 8 

2* (8-M) +B 
"QO"sAS[M,] 


next M 


: ort AS,A[L] 
: next L 


Figure 8-203. HP 9825A, HP 9835A/B and HP 9845A Sample Program Listing 


| ERROR sCd 
BINARY DECIMAL 


L111 101.0 
11111011 
11111100 
LLIIALOL 


LALIT 10 
PLI1I411 
01000000 
01000001 
01000010 
01000011 
01000100 


100 


110 
120 


130 Error: 


140 
150 


OPTION BASE 1 
DIM A(300) ,AS$[8] 
FIXED 0 


FOR I=1 TO 300 
A (I) =READBIN(700) 
NEXT I 


FOR J=l1 TO 256 

IF A(J+1)=0 THEN 100 

IF A(J)+1<>A(J+1) THEN Error 
NEXT J 


DISP "PASSED" 

STOP 

PRINT "@RROR" 
K=J-5 

IF K<l THEN K=1 


160 FOR L=K TO K+20 


170 
180 
190 
200 


if V>=B;"1"+AS[M,M] ;V-B-V 210 


220 
230 
240 


250 
260 


V=A (L) 

FOR M=1 TO 8 
B=27* ( 8-M) 

AS [M,M] ="9 " 

IF V<B THEN 240 
AS[M,M] ="7" 
V=V-B 

NEXT M 


PRINT AS,A(L) 
NEXT L 


ERROR 
BINARY DECIMAL 


(Cont'd) 
01000101 
01000:10 
01000111 
010010130 
01001001 
010010 _0 
01001011 
01001100 
01001101 
01001110 


Figure 8-204. Sample Error Printout 


MAINFRAME STIMULUS DIAGNOSTIC 


DESCRIPTION 


This diagnostic stimulates the frequency data (DB7-1 to DF9-2) 
going to the High Frequency Loops Section and the level data (LV2-0 
to LV2-9) going to the Output Section. Both data values start at all 
zeros and are increased by ones to all ones. A delayed signature 
analysis clock is generated because the frequency data lines going 
to the High Frequency Loops Section are heavily filtered and have 
long rise and fall times. The delayed clock assures stable signatures. 
The functions of this diagnostic are: 


1. 


Allows signature analysis verification of the high frequency 
data. 


Allows signature analysis verification of the ROMs on the A6A9 
assembly. 


Allows checking of the D/A converter (DAC) on the A4A7 
assembly (Service Sheet 37). The output of the DAC is a voltage 
ramp from zero to full scale. 


SET-UP 


L. 


2. 


Set the rotary switch on the A2A6 assembly to position A. 


Insert a shorting pc edge connector on the top connector of the 
A2A6 assembly. 


Connect a jumper from TP6 (ground) to TP4 (R) on A2A6. 


Momentarily short TP3 (RES) to ground or turn the front panel 
switch to ON. 


If the signature analysis portion of this diagnostic is to be used, 
connect the signature analyzer to the A2A6 assembly as follows: 


ST(TP2) 
ST(TP2) 
TP7 
GND(TP6) 


Set the analyzer pushbutton switches as follows: 


START 
STOP 

CLOCK 
HOLD OFF (OUT) 
SELF TEST OFF (OUT) 


+5V signature should be 2H98. 


JS (OUT) 
‘(IN 
(IN) 


OPERATING INSTRUCTIONS 


1. 


2. 


3. 


A4A7 Reference Circuitry Check. Mount the A4A7 board on an 
extender. View the signal at A4A7TP3 on an oscilloscope. The 
waveform should be as shown in Figure 8-205. 


A6A9 High Frequency Loops Controller ROM check. Mount the © 


A6A9 board on an extender. Correct signatures are given in 
table 8-207. 


A2A4 Frequency Output Assembly High Frequency Digit check. 
Signatures can be taken with the A2A4 assembly on an extender 
board or on the bottom of the DCU motherboard. Correct signa- 
tures are given in Table 8-208. 


Service 


Figure 8-205. Waveform at A4A7TP3 
Table 8-207. AGAS ROM Signatures 


OUTPUT SIGNATURES INPUT SIGNATURES 
AGAS AGAS AGAS 
U1 U2 U3 


XA2A4B | SIGNATURE 
PIN 
19 


Bt 


8-209/8-210 


4 


HP-IB Talk-Only Diagnostic 
Mainframe Stimulus Diagnostic 
SERVICE SHEET 


67 


Service 


Model 8662A 
SIGNATURE ANALYSIS STIMULUS DIAGNOSTIC FREE RUN MODE 
€ ; Table 8-210. A2ZA3 Mod/Level Output Board Signatures Table 8-211. A2A4 Frequency Output Board Signatures 
DESCRIPTION t Table 8-209. A2A2 Sweep Board Signatures (see Notes) (sea Notes} taee Hotes) SET-UP Tite 815, GAR Wiccan erat ein 
This diagnostic stimulates much of the circuitry within the DCU for testing purposes. : , Bott : AUP es 
Lists of normal signatures are contained with the troubleshooting information for MNEMONIC MNEMONIC MNEMONIC 1. Connect a jumper from GND (TP6) to R (TP4) on A2A6. (Bottom Connectors) 
each assembly where this technique is used. Switch setting 3 stimulates the A2A2 SIGNATURE SIGNATURE SIGNATURE There must be no shorting connector on the top pe edge 
sweep board. Switch setting 4 stimulates the data output boards. } a connector of A2A6. MNEMONIC 
GND 0000 18 O 36 IGNATUR 
GND 0000 18 O 36 GND 0000 18 O BREE-L _- PPO2 Connect the signature analyzer to the A2A6 assembly as iar 
SET-UP PRW 391U 17 6CPH 170 follows: 
1. Connect aj from GND (TP6) to R (TP4) on A2A6 ie mir dais eee 
. . Connect a jumper from oO on ; 03-4 7U1P 5730 
2. Connect a shorting connector on the top edge connector of A2A6. Turn the rotary ae — sie a a 
: ae Rae ; ; . 6U 
switch on A2A6 to position 3 or 4 (as indicated by the notes in the signature 03-0 9CUS 1HOP ST (TP2) 
tables). D3-1 7U17 PF76 ST (TP2) 
. D3-3 AG15 2030 SA CRATE) 
3. Connect the signature analyzer to the A2A6 assembly as follows: 032 0984 AIF GND(TP6) 


29PA 
7HP8 
3A07 
AOF7 
U14H 
71U8 
4642 

4C3F 


D4-5 8UH6 
D4-7 3097 
D4-2 58UH 
D4-0 U11U 
D5-5 C60F 
D5-7 H628 
D5-2 8H33 
D5-0 707F 


3. Set the analyzer pushbutton switches as follows: 0001 PRW 


ST (TP2) 


START JS (OUT) 2828 = SA2 
STOP (IN) 
CLOCK “\CIN) 
HOLD OFF (OUT) 


SELF TEST | OFF (OUT) 


ST (TP2) 
SA CK (TP1) 
GND(TP6) 


Pe NWF ann co 
PK NWFP Onn Cc 
S- Now OD™ Co 
owwwwwww w 
- we wPhl ann co 


OO0000 


18 


4. Set the analyzer pushbutton switches as follows: 


€ START JS (OUT) 


STOP XIN) 


4. Touch the probe to +5V. The signature should be 0001. 


HFH1 


FF38 
Table 8-212. A2A6 Microprocessor Board 


DAL 
Signatures (Top Connector) 


D6-3 
D6-0 
SME 
D7-4 
D7-3 
D7-0 
STATUS 


CLOCK (See Table Notes) 
HOLD OFF (OUT) 
SELF TEST OFF (OUT) 


[Fin [Signature 


ROBRAGIA® 
OOOO0O000 


VX 
CO000000 


5. Momentarily ground RES (TP3) on A2A6. This should cause the signature analy- 
sis stimulus diagnostic to run. Touch the signature analysis probe to +5V. The 
signature should be PP02 for switch position 4; or 6F90 for position 3. 


y 
_ 

Ee 

oor NnNWH OD ~ C 


OO DOVOOOOCCOOOGCOCOOO 


18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 


6. Alloutput lines are loaded by the cables attached to them. Sometimes, this loading 
can affect the signatures. So, if an incorrect signature is obtained, remove the 
associated connector on the DCU motherboard and recheck the signature (the 
associated connector is shown in the Table notes). 


DAH 


—_ 
KH NNW IT DON OOO 


Se KNW fans 
—- NY whl on ws Cc 


Notes: 


. On the analyzer, CLOCK =_/ (OUT) 

. On A2A6, use switch position 4. 

. For pins B19-27, use the ‘““Mainframe Stimulus Diagnostic’”’ 

on Service Sheet B1. 

. Associated connector: A2A10J4. 

. Associated connector: A2A10J5. 

. Associated connector: A2A10J6. 

. Associated connector: A2A10J8. 


Notes: 

1. On the analyzer, CLOCK = \ (IN). 
2. On A2A6, use switch position 4. 

3. Associated connector: A2A10J8. 


Notes. 
1. On the analyzer, CLOCK = \ (IN). 
2. On A2A6, use switch position 3. 
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MEMORY AND INDICATORS DIAGNOSTICS 


DESCRIPTION 


ROM Diagnostic 
The ROM diagnostic checks all the ROMs in the DCU. Every ROM is manufactured so that the 


OPERATING INSTRUCTIONS 


ROM Test 


RAM and Indicator Test 


Table 8-216. RAM Test Error codes 


checksum of the contents of the ROM is zero. The diagnostic program reads the contents of each 1. Remove the jumper between R (TP4) and ground on A2A6. 1. The front panel FREQUENCY display should contain “1”. 
ROM and calculates the checksum. If a checksum is not zero, an error code is displayed in the Error Code 1- Device Reference Error Code 2- Device Reference 
front panel frequency display. If no errors are found, “00” is displayed at the end of the test. The 2. IfnoROMerrors are found, “00” will be displayed in the right side of the 2. Remove the jumper between R (TP4) and ground on A2A6. The follow- Designator (A2A7) Designator (A2A7) 
testing program is the same for both switch settings. The difference is that when switch setting 6 front FREQUENCY display. The display will retain this value for ing should happen: 
is used, the program will display an error code when an error is found and then continue testing about a second and then go blank while the test is repeated. At the end of U7 or U8 
so that if several errors existed, all would be displayed one after another. In switch position 7, the test “00” is displayed again to indicate no errors were found. U6 or U5 
when an error is found, the program will halt and display the error code. This is particularly a. All the LED indicators on the keyboard and the REMOTE and U4 or U3 
useful if the failure is intermittent. 3. Ifa two-digit code other than “00” is displayed, a ROM error has been ADDRESSED lights on the display should light. U2 or U1 
found. Refer to Table 8-215 to translate the error code to the actual U16 or U15 
. : : hardware failure. b. A four-digit number (counter) with interspaced decimal points U14 or U13 
RAM and Indicators Diagnostic should appear in the left side of the frequency display. This counter is U12 or U11 
The RAM diagnostic checks 4 different types of failures. The test takes one minute to run and a + Table 8-215. ROM Test Error Codes incremented to show the test is running. U10 or U9 
counter is displayed in the left digits of the frequency display while the test is running. The 
counter is a visual indication that the test is running but the counter doesn’t contain any 3. When the counter value reaches 2047, the following happens: 
failure information. This test also lights the front panel indicators so their operation can be 
checked. The testing program is the same for both switch settings and both stop when an error is Assembly a. The counter momentarily stops at 2047. 
detected. The difference is that when switch setting 9,is used, the program does not stop after it Error Code Memory Address (Service Sheet) 
has run once and found no errors but continues to rerun the program until an error is found. b. The annunciators on the display turn on sequentially until all are 
Using switch setting 8 will cause the program to stop at the end with an indication that no errors eee lighted. 
01 1800 A2A5(5) U11 
were found. 
c. All the LEDs that were on during the first part of the test turn off. 
SET-UP d. The counter continues incrementing but the decimal points are 
1. Insert a shorting pe edge connector on the top connector of the A2A6 assembly. turned off. TROUBLESHOOTING 
1. When a memory error is found, the error code points to a specific 
2. Connect a jumper from GND (TP6) to R (TP4) on A2A6. 4. Thetest takes approximately one minute to run. If no errors are found, memory device; however, the actual failure could be the address decode 
“00” will be displayed in the right side of the front panel FREQUENCY or data bus buffer associated with the memory device. Especially if 
3. Setthe rotary on the A2A6 Microprocessor Assembly to select the diagnostic test program as A2A9(9) display and the diagnostic program will halt in this condition (switch multiple errors occur, check these components first. Signature analysis 
indicated in Table 8-214. position 8) or display “00” for a few seconds and then repeat the test (Free Run Mode, Service Sheet B2) makes it easy to check the decoders. 
(switch position 9). If an error is found, the diagnostic program will halt Normal signatures are contained on the Service Sheets 3 through 17. 
Table 8-214. Memory and Indicator Diagnostic Test Selections with an error code in the display. 
2. Thetests thatrun continuously and stop on first failure (switch settings 
5. Error Codes. When an error is found, there are three types of codes 7 and 9) are useful for finding intermittent problems. The diagnostic 
which could be displayed: can be left running unattended and if the failure occurs, the diagnsotic 


ROM diagnostic, continuous run, displays all errors. 


ROM diagnostic, halt on and display first error. 


RAM and Indicators diagnostic, stop on first error or 
stop at end of program 


RAM and Indicators, run continuously until first error 
found. 


4. Momentarily short RES (TP3) to ground on A2A6 or cycle the LINE switch. 


5. Follow the operating instructions for the diagnostic being run. 


a. Errorcode is “-1”. This code is displayed at the start of the test before 
the jumper is removed from R (TP4). If the display does not change 
when the jumper is removed, an error has been found in the first 
memory locations checked. The active memory IC’s associated with 
this failure are A2A7U7 and U8. 


b. Error code is “1-XX” or “2-XX”. XX is a two-digit code which repres- 
ents the memory IC where the error was found. Table 8-216 maps the 
two-digit code to a component reference designator. The “2-XX codes 
can only narrow the failure down to two possible components. 


program will halt with the error code in the front panel display. This 
code greatly narrows down the location of the intermittent fault. 
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SERVICE SHEET C 
REFERENCE SECTION BLOCK DIAGRAM 


TROUBLESHOOTING HELP 
Block Diagram A 
Table 4-1. Abbreviated Performance Tests 
Table5-2. Post Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
The Reference Section provides the following out- 
put signals: 


FM Loop 10 MHz Reference Signal 

Frac N 10 MHz Reference Signal 

N Loop & Detector Reference (10 Mz) 

RS Loop & Detector Reference (10 or 20 MHz) 
FMS Loop «& Detector Reference (20 MHz CW) 
Down Converter Band Mixer RF (520 MHz) 

RS Loop Mixer RF (320-640 MHz, Af = 20 MHz) 
FM Loop Mixer LO (120 MHz) 


These signals are distributed to other sections of 
the instrument. All of the Reference Section out- 
puts are derived from either a 10 MHz internal 
source (temperature controlled quartz oscillator) 
or an external frequency standard of 5 MHz or 10 
MHz. The accuracy and stability of all signals 
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generated in the Generator are traceable to the 
outputs from the Reference Section. The various 
output signals are generated by employing several 
frequency translation techniques (multiplying, 
dividing and heterodyning). 


TROUBLESHOOTING 


There are five signals generated in the Reference 
Section (besides three 10 MHz signals) and sent to 
other sections of the instrument: 


1) 320-640 MHz in 20 MHz steps (A6A3J4) 

2) 520 MHz reference signal (A6A3J1) 

3) 120 MHz reference signal (A6A10J2) 

4) 10/20 MHz signal (A6A1J3) 

5) 20 MHz reference signal when the instru- 
ment is in FM mode (A6A10J4) 


When the frequency or level of one of these signals 
is not the value shown on the block diagram, the 
problem is in the Reference Section. Table 8-217 
shows at what frequencies the variable frequency 
signals are for output frequencies in the basic 
band (that is, 320 to 640 MHz). Troubleshoot the 
Reference Section by backtracing until the bad 
assembly is found. Then continue troubleshooting 
with the service sheet for the defective assembly. 
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Table 8-217. Reference Section Variable Frequency Signals 


Reference Section Variable Signals (MHz) 
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Figure 8-206. Reference Section Block Diagram 
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TROUBLESHOOTING HELP 
Block Diagram A 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 


The High Frequency Section generates the basic (fundamental) 
band which is sent to the Output Section (Block Diagram E). This 
section employs two phase lock loops to generate the basic band. 
The 320 to 640 MHz and 10/20 MHz signals from the Reference 
Section are first mixed in the Reference Sum Loop to produce a 310 to 
620 MHz, 10 MHzstep resolution signal. This signal is then mixed in 
the Output Sum Loop with the 10 to 20 MHz, 0.1 Hz step resolution, 
signal from the Low Frequency Section to produce the 320 MHz to 
640 MHz, 0.1 Hz step resolution, basic band signal at the A8A1J3 
output. Figure 8-207 is a block diagram of the basic high frequency 
loop. The only difference between the Reference Sum (RS) Loop and 
the Output Sum (OS) Loop is that, in the case of the RS loop, the VCO 
output frequency is always less than the high frequency reference 
input at the mixer, whereas the opposite is true for the OS Loop. 
Coarse tuning and speedup is regulated by the Controller Board 
(Service Sheet 22) in the High Frequency Loops Section. 


The frequency error circuits (Service Sheets 25 and 29) contain the 
frequency comparator and VCO correction circuitry. Under normal 
operating conditions, when the VCOs are locked, these lock acquisi- 
tion circuits remain inactive. When the loop is un-locked, a beat note 
exists which is the difference between the loop IF down converted 
frequency and the reference frequency. If this beat note is within 200 
kHz of the loop bandwidth (which is between 250 kHz and 500 kHz) 
the loop will acquire lock by itself. If the beat note is greater than the 
loop bandwidth by more than 200 kHz, the lock acquisition circuitry 
will be activated, coarsely tuning the VCO to within 200 kHz.of the 
desired frequency. At this point, the phase lock loop will take over 
and complete the lock cycle. 


FREQUENCY 
ERROR 
CIRCUIT 


INTEGRATOR 


HIGH FREQUENCY 
REFERENCE 


RF MIXER 


Figure 8-207. Basic High Frequency Loop Block Diagram 
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TROUBLESHOOTING 


When a problem has been traced to the High Frequency Loop 
Section, this procedure can be used to isolate the problem to an 
assembly. The Reference Sum (RS) Loop must be locked before the 
Output Sum (OS) Loop will lock, therefore, work on the RS Loop first 
if both are unlocked. 


Procedure: 

1. Set the front panel frequency to a value in the basic band (320.0 
to 640.0 MHz). If the problem doesn’t occur in this band, the fault is 
most likely in the Output Section (Service Sheet E) rather than the 
HF Loop Section. 


2. Measure the input signals to the loop being tested. These input 
signals are described in Table 8-218. If any of the input signals are 
not normal, look for the problem at the source of the input signal. 


3. Pull out the A6A4 (OS Loop) or A6A5 (RS Loop) assembly and 
move the slide switch to the TEST position. This opens the loop so 
the VCO can be checked. Use Table 8-219 or Table 8-220, depending 
on the loop being checked, and check the VCO output for the front 
panel frequency settings given in the table. If the VCO functions 
normally, continue troubleshooting with step 4. Ifthe VCO outputis 
not normal, check the two input signals to the VCO. 


a) The tuning voltage should be the value given in the table. Ifthe 
voltage is not normal, there is most likely a problem in the 
pretuning circuitry on A6A4 or A6A5 (whichever drives the 
VCO where the problem exists). 


b) The inductor switch signals. The table states which inductor 
should be turned on. Service Sheet 22 shows the pin numbers 
where the switch signals can be measured and what the normal 
levels are. If the switch signals are not normal, the problem is 
most likely on A6AQ. 


If the input signals are normal and the VCO output is bad, then the 
VCO is defective. The VCO’s are not field-repairable. Exchange 
assemblies are available. 


INDUCTOR 
SWITCH DRIVERS 


SHAPER LOOP GAIN ADJUST 
AND 
PRETUNE 


Too 


$44 
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4. Ifthe VCO output is normal, check the output of 
the RF Mixer Assembly (A6A6 or A6A8). The 
frequency of the output signal should be in the 
range of 10—20 MHz + the error of the VCO 
signal which is running open loop. If the output 
is not normal, check the input signals first to 
locate the source of the problem. 
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5. If the output of the RF Mixer Assembly is nor- 
mal, the problem is most likely to be with the 
Phase Detector Assembly (A6A4 or A6A5). Use 
the troubleshooting procedure in Service Sheet 
24 or 28 to isolate the problem. 


Table 8-218. HF Loops Input a 


HF Reference W8((964) to A6A6BJ2 Table 8-221 
Reference Sum 


FM Sum Loop Output W10(961) to A6A4J1 10—20 MHz 


acco RS Loop | RS Loop Output —_| W2(965) to A6A7J1 Table 8-221 +3 to-13 dBm 


Table 8-219. Output Sum Loop VCO Pretuning Check (A8A1) 


*Measure at W4(935) at A4A4J1 or W5(967) at A6A8J1. 


Front Panel Frequency Setting VCO Frequency * Tuning Voltage 
(MHz) (+3 MHz) (+1.0 Vdc) AGA4J2 


AODQW YS eae & 


Table 8-220. Reference Sum Loop VCO Pretuning Check (A8A2) 


8-216 = p, 
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Front Panel Frequency Setting 
(MHz) 


Table 8-221. Reference Sum Loop Variable Frequency Signals 


Reference Sum Loop Output 
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Figure 8-208. High Frequency Loops Block Diagram 
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Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 


The Output Section translates the basic 320 to 640 MHz band, to the Signal Genera- 
tor’s complete output range (Table 8-222), by doubling (for the doubler band), passing 
straight through or dividing (for the midband), or mixing (for the down-converter 
band). This section also controls the level of the RF signal. Coarse level control is 
provided by an electromechanical 5 dB-step attenuator at the RF output. Electronic 
leveling keeps the output level constant and provides finer step resolution (0.1 dB). 
The reverse power protection circuitry, if triggered, opens a relay in series with the 
output line. The trigger level is set for 10 volts peak RF. Limiting diodes provide 
protection until the relay opens. AM is generated within this section when a modula- 
tion signal is applied. 


Table 8-222. Frequency Bands Derived from the Basic Band 


Frequency Range 


0.01—120 MHz 


Down-Converter Band 


Midband 120 MHz—640 MHz 


Doubler Band 640 MHz—1280 MHz 


TROUBLESHOOTING 


If the front panel RF output is not correct and the problem has been traced to the 
Output Section by following the overall instrument troubleshooting procedure, check 
the input signals shown in Table 8-223. 


Table 8-223. RF Output Section Input Signal Levels 


ee ee 


320 to 640 MHz Cable W4 (white/ +3 to-13 dBm 
Fundamental orange/green) (varies with 
band signal going to A4A4J1 frequency) 


Same as front panel 
frequency setting 
between 320.0— 
639.999.9999 MHz 


520 MHz 
Reference 


0 dBm +0.75 dB 
(when front panel 
setting <120 MHz) 


520.0 MHz 


Cable W18 (white/ 
orange/ violet) 
going to A4A5J3 


If these input signals are normal, the problem is in the Output Section. Output Section 
problems can be divided into five classes: 


1. Front panel status indicates error in Output Section. 


2. Output frequency wrong. 


SERVICE SHEET E (Cont’d) 
3. RF output level wrong. 
4. Amplitude Modulation (AM) problems. 


5. Harmonics. 


Output Section Status Error 


There are two error conditions in the output section which will cause 
the front panel status light to flash. Error code 09 indicates the 
reverse power detect circuitry has triggered. Turn to Service Sheet 36 
to troubleshoot a problem with this circuitry. Error code 10 indicates 
a power level problem which has two possible sources. Remove the 
top cover of the instrument. If the LED indicator on top of the A4A4 
assembly is lit, there is a problem with the A4A4 Distributor Assem- 
bly. Begin troubleshooting on Service Sheet 30. If the indicator on 
A4A4 is off and the indicator on top of the A4A7 AGC Assembly is 
lit, the problem could be any output section board. Begin trouble- 
shooting with the RF Output Level Wrong section. 


NOTE 


Under certain conditions, it is possible for Status code 10, 
“Amplitude out of specification”, to turn on when no 
amplitude error exits. This can happen during fast repeti- 
tive sweeps (for example, Auto Sweep or Remote Stepped 
Sweep, with the time/step less than I ms). Corrective 
action is not required unless code 10 persists in conditions 
other than the fast repetitive sweep. 


Output Frequency Wrong 


The most likely cause is bad digital data from the DCU. Continue 
troubleshooting with the A4A4 Assembly (Service Sheet 30). This 
assembly would be affected by bad data and its output is easy to 
check. 


RF Output Level Wrong 


1. Setthe RF output level of the Generator to the values in the first 
column of Table 8-224. If the RF output of the instrument is not the 
specified value, measure the power level at A4A1J4 and compare to 
the value in the table. If the power level at A4A1J4 is correct, the 
problem is most likely the mechanical step attenuator. Continue 
troubleshooting on Service Sheet 36. 


When the level at A4A1J4 is bad, the problem is with one of the 
output section boards. Continue troubleshooting with step 2. 


Table 8-224. RF Output Level Setting Vs Power Level 


Front Panel RF Output Level Setting (dBm) 


A4A1J4 Level (dBm) 
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If the indicator light on top of the A4A7 assembly is lighted, the 
power output level at A4A1J4 is wrong. 


2. Measure the outputs of the A4A4 Distributor Assembly. Set the 
Generator’s front panel frequency to the values in the first column of 
Table 8-225. Tune the spectrum analyzer to the values in the second 
column and measure the power level at each of the three output 
jacks. Compare these to the values given in the table. 


If the output levels are normal, the A4A4 assembly is good. Continue 
troubleshooting with step 3, below. If these levels are abnormal, 
there is a problem with A4A4 or the digital data from the DCU. 
Continue troubleshooting with A4A4 on Service Sheet 30. 


Table 8-225. A4A4 Distributor Assembly Frequency Vs Power Level 


A4A4 Output Level (dBm) 
A4A4J2 A4A4J3 A4A4J4 


Front Panel 
Frequency Frequency 
(MHz) (MHz) 


3. Set the Generator to the center frequencies in Table 8-226. Each 
of these center frequencies uses a different signal path in the Output 
Section. Remeasure the levels at A4A1J4 (see Table 8-224). If the 
level at A4A1J4 is wrong for each frequency, the problem is proba- 
bly in the output amplifier circuitry on A4A1, or the AGC circuitry 
(A4A7). Proceed to step 4. 


If the levels at A4A1J4 are correct for at least one center frequency, 
the problem is probably in one of the intermediate amplifier stages. 
Proceed to step 5. 


Table 8-226. Output Bands for Three Front Panel Frequency Settings 


80.0 Down Converter 
600.0 Midband 
1200.0 Doubler 


4. Set the Generator to 100.0 MHz and +16 dBm RF output level. 
Drive the A4A1J2 input with an auxiliary signal generator with 
calibrated, adjustable output level. Set this auxiliary generator to 
100.0 MHz and-20 dBm. Measure the RF output level of the Genera- 
tor under test. Then increase the output level of the auxiliary genera- 
tor until the Generator under test output is at +16 dBm. 
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If more than +6 dBm output level is required from the auxiliary 
generator to drive the Generator under test output to +16 dBm, the 
A4A1 assembly has low gain. Continue on Service Sheet 34 to trou- 
bleshoot this problem. 


Decrease the RF output of the auxiliary generator so the output of 
the Generator under test assumes the value in Table 8-227. Check 
that: 


a. There is a one-to-one decrease in the output levels of the auxil- 
iary generator and the Generator under test. 


b. The detector output voltage as measured on the output section 
motherboard (A4A10TP1) changes the same amount (in dB) as 
the output power. The values in the table are typical. 


If either of these conditions is not met, there is a problem on the 
A4A1 assembly (Service Sheet 34). If these conditions are met, the 
problem is most likely on the A4A7 assembly (Service Sheet 37). 
Continue troubleshooting on the appropriate service sheet. 


Table 8-227. RF Output Level Vs. Detector Output Voltages 


Generator Under Test RF Output Level (dBm) Detector Output Voltage (Vdc) 


+16 

+10 

6 
0 


5. If one or more frequency bands is normal, remove the A4A7 
AGC assembly from the instrument. This removes bias from all the 
PIN modulators. Set the front panel frequency to within the non- 
functioning band. Using Table 8-228, identify the assembly contain- 
ing the PIN modulator for the nonfunctioning band and measure 
the output. The level must be less than -40 dBm because the modula- 
tor should be turned fully off. If the output level is too high, thereisa 
problem with the PIN modulator. In this case continue troubleshoot- 
ing on the PIN modulator portion of the assembly. 


Extend the PIN modulator assembly and short together with a 
small clip the two test points listed in Table 8-228. This should turn 
the modulator fully on. Measure the level at the output of the assem- 
bly. The level should be greater than the maximum level shown in 
Table 8-228. If the level is too low, there is a problem on that assem- 
bly. Therefore, continue troubleshooting on the service sheet for that 
assembly. 


6. Leave the PIN modulator assembly extended with the test 
points shorted together. Connect all cables so the signal from the 
assembly reaches the A4A1 Output Amplifier Assembly. Measure 
the level at A4A1J4. This level should be +16 dBm or greater. If the 
level is too low, there is a problem with the A4A1 assembly. In this 
case, continue troubleshooting on Service Sheet 34. 
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Table 8-228. PIN Modulators Output Levels 
a ee Modulator 


Band Max Output 


Down A4A5J2 TP5 and TP6 
Converter 


Midband A4A1J4 


TP2 and TP13 


Doubler A4A2J52 TP6 and TP9 


If the level is normal, the problem is most likely on the A4A7 AGC 
Assembly. Therefore, continue troubleshooting on Service Sheet 37. 


To determine if the problem is on all frequency bands, set the Gener- 
ator to the frequency settings in the first column of Table 8-229. 


Table 8-229. AM Problem Isolation 
Front Panel Frequency _ Modulator Service 
Setting (MHz) Assembly Sheet 
Down Converter A4A5 


Midband 


Doubler 


High Frequency Loops 
Block Diagram 
SERVICE SHEET 


Service 
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If there are problems on all bands, the cause is 
with the A4A7 AGC assembly so continue with 
Service Sheet 37. If the problem is only on one 
band, the cause could be on the modulator assem- 
bly listed in Table 8-229, or the AGC assembly 
(A4A7). 


Determine if harmonics are out of specification in 
all bands or justin one. If harmonics area problem 
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in all bands, the output amplifier could be defec- 
tive. Drive the output amplifier from an external 
signal source and if harmonics are still there, the 
output amplifier microcircuit is causing them. 
Continue troubleshooting on Service Sheet 35. 
Check the bias levels closely. 


When harmonics are only present in one band, 
backtrace until the source is found. 
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Figure 8-209. Output Section Block Diagram 
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MODULATION SECTION BLOCK DIAGRAM 


TROUBLESHOOTING HELP 
Block Diagram A 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 


The Modulation Section controls the amplitude 
and frequency modulation modes of the Signal 
Generator. The two primary output signals from 
this section are the AM modulating signal (AM 
signal) and the FM modulating signal (FMS LOOP 
& DET REFERENCE). In the AM mode, the mod- 
ulating signal is routed to the Output Section 
where the actual amplitude modulation of the RF 
signal takes place. In the FM mode, a 20 MHz 
modulating signal is routed to the Low Frequency 
Loops Section where it is combined with other 
signals. 


The Signal Generator can be amplitude and fre- 
quency modulated using internal or external 
modulating signals. The internal modulating sig- 
nals are derived by dividing the 10 MHz signal 
from the Reference Section. The accuracy and sta- 
bility of the internal modulating signals are the 
same as the reference source. External modulation 
signals are coupled into the Modulation Section 
through the front panel MODULATION INPUT 
jack (AM and FM) and the AUX FM INPUT jack 
(FM only) located on the rear panel. 


The frequency modulated 20 MHz signal is gener- 
ated by applying the modulating signal to the 
varactor diode that forms part of the VCO’s tank 
circuit. The result is that the 140 MHz VCO output 
is frequency modulated. The 140 MHz VCO output 
is then heterodyned with the stable 120 MHz sig- 
nal to produce the frequency modulated 20 MHz 
signal. 


Phase-locked FM is possible down to a rate of 20 
MHz with some limitations on peak deviation at 
modulation rates below 200 Hz. In EXTERNAL 
DC mode phase-locked FM is not possible because 
this mode disables the FM Loop. 


TROUBLESHOOTING 
General 


There are three types of Modulation Section prob- 
lems covered by this procedure: 
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1. FM loop unlocked and/or 20 MHz output 
(A4A10J5) level wrong. 


2. Incorrect depth, deviation or function. 
3. AM or FM distortion too high. 


There is a separate troubleshooting procedure for 
each of these problem types. If the problem symp- 
toms fit more than one type, start troubleshooting 
with the symptom highest in the list. 


When the front panel STATUS light flashes and 
the error code is 08, it indicates the FM loop is 
unlocked. The LED on top of the A4A6 assembly 
should light when this error occurs. 


FM Loop Unlocked And/Or 20 MHz Output 
(A4A10J5) Level Wrong 


1. Remove the A4A8 Phase Detector and A4A9 
Modulation Driver Assemblies from the instru- 
ment. This leaves the VCO (A4A6) free-running. 
Check for the following: 


a) Signal at A4A6J1 (top of A4A6 assembly) is 
140.0 + 0.1 MHz at greater than -5 dBm. 


b) Signal at A4A10J5 (20 MHz OUT on mother 
board) should be 20.0 + 0.1 MHz. Level should 
be greater than -20 dBm when in FM mode 
and less than-50 dBm when notin FM mode. 


c) The LED on top of A4A6 should not be lit. 


If any of these conditions are not met, there is a 
problem on the A4A6 assembly. In this case con- 
tinue troubleshooting on Service Sheet 39. 


2. Plug the Phase Detector Assembly (A4A8) into 
its connector in the instrument and connect the 
cable between A4A8 and A4A6. This closes the 
loop but no modulation is applied because the 
Modulation Driver (A4AQ) is not installed. Check 
the following: 


a) The LED on top of A4A6 should not be lit. 


b) The signal at A4A8J2 (top of A4A8 assem- 
bly) should be 14.0 MHz +1 count. 


If these conditions are met, the loop is locked and 
the A4A6 and A4A8 assemblies are probably 
good. The problem is most likely caused by the 
A4A9 assembly. 
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If the frequency at A4A8 is wrong, the loop is 
unlocked so continue troubleshooting with step 3. 
If the frequency at A4A8 is correct but the LED is 
lit, the loop is locked but the phase lock detector on 
A4A6 is probably malfunctioning so continue 
troubleshooting with Service Sheet 39. 


3. Disconnect the white/yellow/black cable 
from A4A8J1. This removes the VCO signal from 
the phase detector. Check for: 


a) Voltages at A4A8 pin 10 (mother board TP2) 
> +7.5 Vde. 


b) Signal at A4A6J1 > 20.5 MHz. 


If both conditions are met, continue troubleshoot- 
ing with step 4. If condition (a) is not met, A4A8 is 
bad or the 10 MHz reference signal is not reaching 
A4A8. Continue troubleshooting with Service 
Sheet 38. 


4. Reconnect the cable to A4A8J1. Disconnect 
the violet cable from A4A10J8 (10 MHz input on 
mother board). This removes the 10 MHz reference 
signal from the phase detector. Check for: 


a) Voltage at A4A8 pin 10 (mother board TP2) 
more negative than -6.5 Vdc. 


b) Signal at A4A6J1 < 19.5 MHz. Measure with 
the cable connected using a tee adapter. Use 
the high impedance input of the counter. 


If condition (a) is not met, the A4A8 assembly is 
bad. If condition (a) is met but condition (b) is not, 
the A4A6 assembly is bad. 


If both conditions are met, this procedure has 
failed to isolate the problem. In this case continue 
troubleshooting the VCO on Service Sheet 39. 


Incorrect Depth, Deviation or Function 


Begin by checking the modulation driver (A4A9) 
assembly. The modulating signal outputs are 
available on mother board test points TP4 (AM) 
and TP3 (FM). These signals should be the level 
specified on the block diagram (Service Sheet F), 
and the frequency selected by the front panel 
MOD switches. If either signal is not normal, 
troubleshoot the A4A9 assembly (Service Sheet 
40) to find the cause. If these signals are normal 
but the modulation level of the front panel RF 
output is wrong, the problem is most likely in the 
A4A6 VCO assembly (FM) or the Output Section 
(AM). In this case continue troubleshooting on 
Service Sheet 39 or Service Sheet E. 


Distortion Too High 


If AM and FM distortion are both too high, the 
problem is likely to be on the A4A9 Modulation 
Driver assembly. Measure distortion on the 
mother board test points TP4 (AM) and TP3 (FM). 
Distortion should be less than 0.4%. If distortion is 
higher, proceed to Service Sheet 40 to troubleshoot 
A4AQ9. 


If only FM distortion is high, the A4A6 FM VCOis 
the likely cause. Continue troubleshooting on Ser- 
vice Sheet 39. 


If only AM distortion is high, the problem is in the 
Output Section. Continue troubleshooting on Ser- 
vice Sheet E. 


a 


1 kHz 
MODULATION 


CONTROL yg, -—»«-ASANOUB«—XAAAB | 


B “ = apa a Lf 2 
i= | 19 one 4 
400 Hz H 
MODULATION ' | 
CONTROL | 
{ I 
{ ' 
t 
! 
1 
| 
' 
' 
' 
' 
1 
' 
' 
1 
' 
1 
' ! 
1 i] 
H 
' 
H 
' 
' 
' 
H 
, 
1 
t 
' 
i] 
1 i] 
FM LOOP ! i 
(10 MHz H 
REFERENCE ' | 
SIGNAL) AAAIONS 


wi? 


| 1kHesOURCE=TTLLOW | kHz SOURCE = TTL LOW 
400 Hz SOURCE = TTL LOW 


INTERNAL 


MODULATION 


DIVIDER 


MODULATION ao 
RATE 
CONTROL 


PHASE 
DETECTOR 


FM LOOP ENABLE (FM—AC) 


TTL LEVEL = LOW 


LEVELS 
XA4AB / INT/EXT 
8 > 


vA 


ASAS MODULATION DRIVE 


[aans 


MODULATION 
CONTROLS W51 ASAIJG XA4AS 


CONTROL 


1 Vp = 100 kHz FM 
1 Vp = 100% AM 


CONTROL == WS ASAIO NG 


t 
i 
' 
1 
1 
1 
1 
' 
' 
' 
H 
MODULATION H 
LEVEL ' 
i 
7 1 
i 
' 
1 


AM BYPASS 
SWITCH 


ie 


2 OVER-MODULATION 7 
DETECTOR 


; > 200 mVrms 
INTO 10KQ 
A4A10J1 wa2, 
e waa Cor cers 
29 >—_—>» O—(C0) ' output ! 
dated 
i AM 
AGA OTPA 
f 
i 
AM 
E 
AM 
95% AM 
295 Vrms t 0.2V 


OVER 
MODULATION 
FM SIGNAL 


FM LOOP ENABLE (FM—AC) 


FM LOOP 
ERROR VOLTAGE 


AUX FM SWITCH DRIVE 


Wa A4A10. 
sah ie See 1 a wat ; Jt 


| Eolaseapnger J 4 
‘\ 
- | 
1 
20 


W31 
FM LOOP NS 
WXER Lo cep-@-<~ 


OVER MODULATION 
350 mVp.p 
AC COUPLED 


ENABLE = +8.0 Vdc 


| ouror Loc 

K 

XAAG AAAIOJG W51 ERROR #08 
——» > 0B 


FM LOOP N-DIVIDER DRIVE 


Service 


EXTERNAL SOURCE 
LEVEL TOO HIGH 
TTL LEVEL = LOW 


EXTERNAL SOURCE 
LEVEL TOO LOW 
TTL LEVEL = LOW 


— 4 
caine EXTERNAL SOURCE 
MAS wel LEVEL HI 


EXTERNAL SOURCE 
LEVEL LO 


FM 
100 Hz DEVIATION 
3.1 Vrms + 0.2V 


OVER-MODULATION 
ane (ERROR #11) 
28 = 


2 


OVER MODULATION 


. FM 
TTL LEVEL = LOW 


DON’T UNPLUG THE 

AS BOARD UNLESS 
THE INSTRUMENT IS 
UNPLUGGED OR SWITCH- 
ED TO STANDBY. THE 
A4A9 BOARD CONTAINS 
CMOS DEVICES WHICH 


FM LOOP 
OUT OF LOCK 
TTL LEVEL = LOW 


WHEN THE POWER IS ON, 


140 MHz 
0dBm 


FMS LOOP 
REFERENCE 
FM) 


E 


Figure 8-210. Modulation Section Block Diagram 
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PRINCIPLES OF OPERATION 


The Fractional-N Loop (FN Loop) generates frequencies from 100 to 200 MHz in 100 
Hz steps using a 100 kHz reference. The 100 kHz reference is derived by dividing the 10 
MHz output signal from the Reference Section. The output frequency from this section 
is a function of front panel frequency digits Ds, D4, D3, D2, D1, and Do (that is, the six 
least significat digits) in the Generator’s basic frequency band (that is, 320—640 
MHz). The three least significant digits, D2 — Do, represent the fractional portion of 
the frequency while the next three digits (D5 — D3) contain the integer portion of the 
frequency. To determine the FN Loop VCO frequency from the front panel frequency 


display (RF OUTPUT frequency) use the following formula: 


FN VCO Freq. = (200 — Ds D4D3 Dez Di Do) MHz 
eee! Ney 


Integer Fractional 
Portion Portion 


The Fractional N Loop uses a frequency synthesis technique known as Fractional N. 
With only one phase lock loop the FN Loop can produce signals with far greater 
frequency resolution than the traditional N Loop. In an N Loop the VCO is restricted 
to only work at frequencies N times the reference frequency. Therefore, it can only 
generate signals that are integer multiples of the reference frequency (VCO Freq. = 


N x Ref Freq.). 


The FN Loop is very similar to the N Loop. It contains all the basic elements of the 
N Loop with the addition of several new elements. In fact, if the selected frequency 
does not have a fractional part (that is, when D2 — Do are zeros), the FN Loop works 


like the N Loop. 
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Figure 8-211. Simplified Block Diagram of Fractional-N Loop 
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Figure 8-211 is a simplified block diagram of a Fractional N phase 
lock Loop with the shaded area containing the Fractional-N ele- 
ments. 


The major difference between the FN Loop and the N Loopis that the 
FN loop VCO is not restricted to operating at only N times the 
reference frequency, but can also operate at frequencies that are 
fractional multiples of the reference frequency. The frequency reso- 
lution of the FN Loop is 100 Hz which means the FN VCO is capable 
of operating at a fractional multiple of 0.001 of the reference signal 
(0.001 of 100 kHz = 100 Hz). 


Assume that the VCO frequency desired is 199.9900 MHz. In a 
traditional N Loop it would be impossible to phase lock the loop, since 
the desired VCO frequency, 199.9900 MHz, is a fractional multiple 
(1999.9) of the reference frequency. In order to phase lock the loop, 
the VCO frequency divided by N (VCO/N) must equal the 100 kHz 
reference signal. This would require an N that had a fractional 
component (N = 1999.9). 


In the FN Loop, division by a fractional componentis possible. The N 
Divider (A5A2) cannot divide by a fractional component directly but 
it is capable of changing from an N to an N-1 divider. Fractional 
division is accomplished by dividing by an integer (N) for the 
number of times and one less than the integer (N-1) for a number of 
times. The fractional N is then the average of N and N-1. For 
example, if an N of 1999.9 is required, the N Divider divides by 2000 
(N) nine times and by 1999 (N-1) one time. This dividing between N 
and N-1 results in an average N of 1999.9. 


A method of determining when to divide by N or N-1 is required. This 
is the purpose of the Accumulator (A5A1). When the FN Loop is 
operating with a fractional part, the VCO/N signal no longer equals 
the reference frequency, hence the phase difference between the two 
signals starts to increase. When analyzing the phase relationship 
between the reference and VCO/N signals it is better to view it in 
terms of reference periods. A reference period is defined as the time 
required for the reference signal to complete one cycle (10 us). The 
Accumulator does not actually measure the phase difference but it 
computes what the phase difference should be after each reference 
period. 


Since the phase difference is continuously increasing each reference 
period, the output from the phase detector is continuously increas- 
ing. Inan N Loop the error voltage from the phase detector is used to 
tune the VCO frequency in a direction to reduce the phase difference 
or error. However, in the FN Loop, the phase difference is allowed to 
increase until the total or accumulate phase difference reaches or 
exceeds one full VCO cycle (360°) of phase. Prior to the reference 
period that the phase difference reaches or exceeds one full cycle, the 
Accumulator generates an N Divider Control (NDC) signal causing 
the N Divider to divide by one less than the previous N. 
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Dividing the FN VCO frequency by N-1 instead of N causes the N 
divider to reach its terminal count one VCO period sooner. This 
effectively advances the VCO/N signal one VCO period which 
counteracts or cancels the previous phase advancement. 


When the N Divider divides by a number N, the VCO/N signal 
starts to lag the reference signal. When the phase difference between 
the reference signal and the VCO/N signal reaches or exceeds one 
cycle of phase, the N Divider is programmed to divide by N-1 which 
now causes the VCO/N signal to lead the reference signal. The 
resulting averaged VCO/N signal equals the reference frequency 
and the loop can be phase-locked even though the instantaneous 
VCO frequency is not an integer-multiple of the reference. 


In the example in Figure 8-212, the FN VCO is operating at 199.9900 
MHz. That would require that the N Divider divide by an N equal to 
1999.900. The N divider is not capable of dividing by 1999.900 but it 
can divide by 2000 or 1999. Initially the N Divider starts out dividing 
by 2000. Since the VCO operates at 199.9900 MHz and N = 2000, the 
VCO/N signal to the phase detector would be 99.9950 kHz. Note, the 
phase of the VCO/N signal starts to lag the 100 kHz reference 
frequency which causes the phase detector to output an ever increas- 
ing dc level. 


As the reference signal goes through one cycle the VCO, operating 
1999.9 times faster, goes through 1999.9 cycles. For comparison an 
N Loop circuit is also examined. 


In an N Loopif N = 2000 and reference = 100 kHz, the VCO frequency 
must equal 200.0 MHz to maintain phase lock. This means the N 
Loop goes through 2000.0 cycles for each reference period. Note the 
phase difference between the FN and N Loop VCO’s after one refer- 
ence period. The FN Loop lags the N Loop by 0.1 cycle which repres- 
ents the fractional part of the frequency. To put it another way, the 
FN Loop VCO decreases by one tenth of a cycle relative to its integer 
part (N Loop) for every reference period. After the passage of two 
reference periods the FN VCO will have gone through 3999.8 cycles 
and the phase difference will have increased to 0.2 cycles. After each 
reference period the phase difference will increase by another 0.1 
cycle. Table 8-230 illustrates this point. 


After ten reference periods, the phase difference between the 
VCO/N and reference signals will have increased exactly one VCO 
cycle. Prior to the reference period that the phase difference reaches 
one VCO cycle the N Divider receives an NDC command from the 
Accumulator. This causes the N Divider to divide by 1999 (one 
integer less than 2000). This has the effect of cancelling the previous 
phase difference, hence the VCO/N frequency averaged over ten 
reference periods now equals the 100 kHz reference and therefore the 
loop can be phase locked. 


This example uses a fractional N of 0.1. As another example, sup- 
pose the FN Loop VCO frequency was equal to 150.0050 MHz. This 
represents a fractional N of 0.95. For this example, the N Divider 
divides by N-1 (1500) nineteen out of twenty reference periods. 
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Table 8-230. Phase Difference Versus Reference Periods 


Number of Cycles Per Reference Period 


Reference 
Periods FN Loop = 199.99 MHz 
(fraction N = 0.1) 


Phase Difference 
(Cycles of Phase} 


N Loop = 200 MHz 


1999.9 
3999.8 
5999.7 
7999.6 
9999.5 
11999.4 
13999.3 
15999.2 
17999.1 
19999.0 


COON OTR WN FE 


— 


Continuously dividing by N and N-1 causes the phase detector to 
output a sawtooth waveform riding on a dc level. As shown in Figure 
8-212, the output from the phase detector increases linearly (ramps) 
as the phase difference increases. The output continues to increase 
until the N Divider divides by N-1 which cancels the previous phase 
difference. This causes the output of the phase detector to return to 
its initial level. 


The dc voltage level on which the sawtooth waveform is riding 
represents the proper tune voltage to phase-lock the VCO to the 
reference. Any ac components (sawtooth) on the de tune voltage 
would prevent phase-lock and cause frequency modulation. To 
counteract this sawtooth waveform an equal but opposite ac signal 
is generated by the Fractional-N Correction Pulse Width-to-Current 
Converters. This signal is then summed with the phase detector 
output to cancel the sawtooth components, leaving only the desired 
dc tuning voltage. 


The fractional portion of the VCO frequency contains the informa- 
tion needed to develop the signal that counteracts the changing 
phase detector output. The fractional part of the frequency is pres- 
ented to the Accumulator in BCD form. Once during each reference 
period the contents of the Accumulator are incremented by the 
fractional part. The number stored in the Accumulator corresponds 
to the difference in phase between the VCO/N and the reference 
signal. Since the Accumulator is incremented each reference period, 
its contents represent an instantaneous fractional sum which grows 
until one VCO cycle of phase difference has occurred. The contents 
of the Accumulator as viewed with respect to time is shown in Figure 
8-213. The contents of the Accumulator can be represented by a 
staircase ramp resetting each reference period when the N Divider 
divides by N-1. Note the contents of the Accumulator when viewed 
graphically, has the same characteristics as the sawtooth output 
from the phase detector. 
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Figure 8-212. Phase Detector Output 
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Figure 8-213. A Pictorial View of the Contents of the Accumulator 


The numbers stored in the Accumulator are in BCD form. First the 
BCD information is inverted and then converted into signals with 
varying pulse widths. These signal lines are labeled Correction 
Pulse 1, 2, and 3. The Correction Pulses are then fed into the Pulse 
Width-to-Current Converter circuit which is located on the Frac- 
tional-N Loop Phase Detector Assembly (A5A3). The outputs from 
the Pulse Width-to-Current Converter circuit is then summed with 
the output from the phase detector. This cancels the sawtooth por- 
tion of the output from the phase detector leaving only a clean de 
tuning voltage for the VCO. 
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When a problem has been traced to the Fractional 
N Loop or the instrument status code gives error 02, 
use the following procedure to isolate the problem 
to an assembly. 


1. Check the 10 MHz reference signal at mother 
board test point TP1. This signal should be the 
level shown on the block diagram. 


2. Pull out the A5A1 Accumulator Assembly. 
This removes the fractional part of the loop. Set 
the front panel frequency to 320.050 050 0 MHz. 
The loop should lock at a frequency of 149.9 MHz. 
Measure this frequency with a counter at A5A5J2. 
If the loop does lock, the Accumulator assembly is 
defective. If the loop doesn’t lock, leave the 
Accumulator assembly out and continue with the 
next step. 


3. Move the switch on the A5A3 Phase Detector 
Assembly to the TEST position. This opens the 
loop so that only the pretuning circuitry is driv- 
ing the VCO. Set the front panel frequency to the 
values in Table 8-231 and measure the VCO fre- 
quency at A5A5J2. This tests all the bits in the 
pretuning by turning on but one at a time. 


If all these frequencies are within limits, the VCO 
and pretuning are good. This is most of the A5A5 
assembly so proceed to the next step. If one or more 
frequencies are bad, the problem is on the A5A5 
assembly. 


4. Measure the PDV signal from the A5A2 N 
Divider Assembly at TP5 on the mother board. 
The frequency of this signal should be 100 kHz 
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Table 8-231. Fractional-N Loop Troubleshooting 


Front Panel Pretuning Bit On ASA5 VCO Frequency 


Frequency Setting Measured at A5A5J2 
(MHz) (MHz +3 MHz) 


320.099 
320.080 
320.040 
320.020 
320.010 
320.008 
320.004 
320.0 


+5 kHz. Usean oscilloscope to check that levels of 
this signal are valid TTL levels (high is greater 
than 2.4 Vdc and low is less than 0.8 Vdc). If this 
signal is correct, the A5A2 assembly is operating 
properly, otherwise, there is a problem on A5A2. 


5. Measure the PDR and SMP signals from the 
A5A4 Reference Divider Assembly on the mother 
board at TP3 (PDR) and TP2 (SMP). The fre- 
quency of both these signals should be 100.0 kHz. 
Look at the waveforms on an oscilloscope to check 
for valid TTL levels and the timing relationship 
between the waveforms as shown in Figure 8-214. 


If these signals are correct, the A5A4 is operating 
properly, otherwise, there is a problem on A5A4. 


6. If all the previous checks do not show any 
problems, the A5A3 Phase Detector is the most 
likely cause of the problem. 


Figure 8-214. Timing Diagram for 100.0 kHz PDR and SMP Signals 
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Figure 8-215. Fractional-N Loop Block Diagram 
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PRINCIPLES OF OPERATION 


The Low Frequency Loops Section serves two functions. First, it 
produces the 10 MHz to 20 MHz reference signal which is sent to the 
input of the phase detector (in the Output Sum Loop of the High 
Frequency Loops Section) so that the 320 MHz to 640 MHz, 0.1 Hz 
step resolution, fundamental frequency band can be generated. 
Secondly, if FM is desired at the output, itis summed in at this point. 


The Low Frequency Loops are composed of three principal sections: 
the N Loop, the Low Frequency Sum Loop, and the FM Sum Loop. 
Each is a discrete phase lock loop. The N Loop takes the 10 MHz 
reference signal (which must be greater than +7 dBm) and multip- 
lies it, using fractional-N synthesis, to a frequency band of 122 MHz 
to 221 MHz(1 MHzstep resolution). This frequency is related to the 1 
MHz and 0.1 MHz digits of the front panel readout display (D7 and 
D6 in the basic frequency band). 


The signal from the N Loop is sent to the Low Frequency Sum Loop 
where it is locked to the signal from the Fractional-N Loop (Block 
Diagram C). This signal varies between 100 MHz and 200 MHz 
(100 Hz step resolution), but is divided by two decade counters 
(divide by 100) in the Low Frequency Sum Loop so that it varies 
between 1 MHz and 2 MHz (with 1 Hz resolution) at the input of the 
phase detector. The output of the Low Frequency Sum Loop (120 
MHz to 220 MHz, 1 Hz step resolution) is sent to the FM Sum Loop. 


In the FM Sum Loop, the signal is summed with either a 20 MHz 
continuous wave (CW) signal from the Reference Section or a 20 
MHz frequency modulated signal from the Modulation Section 
(Block Diagram F). The output of this loop is a 100 MHz to 200 MHz 
(1 Hz step resolution) signal which is passed through a decade 
divider before leaving the board. The output of the decade divider is 
a frequency band which extends from 10 MHz to 20 MHz in 0.1 Hz 
steps. This signal is sent to the phase detector in the Output Sum 
Loop of the High Frequency Loops Section at 0 dBm to +16 dBm. 


TROUBLESHOOTING 

General 

There are three phase lock loops in this section. The hierarchy is: 
e N Loop (Error code 03) 
¢ Sum Loop (Error code 04) 
e¢ FM Sum Loop (Error code 05) 

There is a separate troubleshooting procedure for each loop. If more 


than one of the loops is unlocked, always start with the highest order 
unlocked loop because it will cause the lower order loops to be 
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unlocked. If the front panel status display gives a hardware mal- 
function code of 03, 04, or 05, then this code indicates at which loop to 
start troubleshooting. 


N-Loop Troubleshooting 


When it has been determined that there is a problem in the Low 
Frequency N Loop by troubleshooting on the overall block diagram 
(Service Sheet A) or the out-of-lock indicator being lit, perform the 
following sequence to isolate the defective assembly: 


1. Unplug the A3A3 assembly and remove it from the instrument. 
This opens the loop and leaves the A3A4 assembly being driven by 
only the pretune voltage from A3A6. Set the front panel frequency to 
the values in the first column of the table on the block diagram. 
Measure the VCO frequency at A3A4J2 and compare it to the nor- 
mal values given in the table. Each frequency setting turns on one 


bit of the eight which drive the pretune circuitry. If the VCO fre-- 


quencies are correct, the A3A4 VCO assembly is operating properly 
and the A3A3 divider/phase detector assembly is the likely cause of 
the problem. In this case proceed to Service Sheet 46 and trouble- 
shoot the A3A3 assembly. 


2. When the VCO frequencies are not correct, use procedure in 
paragraph 3 of Sum Loop Troubleshooting. 


Sum Loop Troubleshooting 


When it has been determined that there is a problem in the Low 
Frequency Sum Loop by troubleshooting on the overall block dia- 
gram (Service Sheet A) or the out-of-lock indicator being lit, perform 
the following sequence to isolate the defective assembly: 


1. Remove the two jumpers on the A3A7 VCO Assembly and plug 
the board back into its socket. Removing these jumpers opens the 
loop and the VCO is driven only by the pretuning voltage from the 
A3A6 assembly. 


2. Set the front panel frequency to the values in the first column of 
the table on the block diagram. Measure the VCO frequency at 
A3A7J1 and compare to the normal values given in the table. Each 
frequency setting turns on one bit of the eight which drive the 
pretune circuitry. If the VCO frequencies are correct, the A3A7 VCO 
is operating properly so proceed to step 4 to continue troubleshoot- 
ing. 


3. When the VCO frequencies are not correct, try the following: 
a) Perform the open-loop pretune adjustment procedure on the 
block diagram. If these adjustments can be made, repeat step 2. 
Otherwise, continue below. 


b) Measure the pretune voltage (TP8 on motherboard) for the 
front panel frequency settings given in the table on the block 
diagram. If these voltages are not normal, trace the problem 
starting with the pretune circuitry on A3A6. 


Fractional-N Loop Block Diagram (sy 
SERVICE SHEET 


Service 


SERVICE SHEET H (Cont'd) 


If the open-loop pretune adjustments cannot be 
made but the pretune voltages (TP8) are normal, 
the A8A7 VCO is faulty. 


4. Set the front panel frequency to 320.0 MHz. 
Adjust the GAIN control on A3A7 to set the VCO 
output frequency at A38A7J2 to 120.0 +0.5 MHz. 
The W28 cable must be in place on A3A7J2. 


Check the following: 


a) A 2.0 +0.5 MHz signal at TP5 on the mother 
board. Amplitude >3 Vp-p. 


b) Asteady TTL low signal at TP7 on the moth- 
erboard. This is the frequency detector out- 
put. 


c) A steady TTL low signal at pin 11 of A8A5. 
This is the out-of-lock signal from A38A6 
which should be active (low) when the loop is 
open. 


5. Turn the A38A7 GAIN adjustment counter- 
clockwise (CCW) while monitoring the frequency 
of the mixer output at TP5 on the mother board. 
Turning the GAIN adjustment CCW increases the 
VCO frequency. The N Loop output is at 122 MHz 
so the mixer output (TP5) should decrease in fre- 
quency, reach zero and begain increasing. When 
the frequency reaches zero and begins to increase, 
check TP7 on the motherboard for positive going 
TTL pulses. This is the output of the frequency 
detector and pulses indicate that the VCO is 
higher in frequency than the N Loop output. 


If any of these checks gives abnormal results, the 
problem is likely on the A3A5 assembly, other- 
wise, the A383A6 Phase Detector Assembly is the 
likely cause of the problem. 


FM Sum Loop Troubleshooting 


When it has been determined that there is a prob- 
lem in the FM Sum Loop by troubleshooting on the 
-everall block diagram (Service Sheet A) or the out- 
of-lock indicator being lit, perform the following 
sequence to isolate the defective assembly: 


1. Pull the A8A9 Mixer Assembly up far enough 
so that the bottom edge connector is completely 
out of the motherboard connector, but leave all the 
RF cables connected to the top of the assembly. 
This opens the loop by disconnecting the phase 
detector drive circuitry but leaves the mixer con- 
nected. In this condition, the VCO is only driven 
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by the pretune voltage from A38A6. Set the front 
panel frequency to the values in the first column of 
the table in the block diagram. Measure the A3A8 
VCO frequency at A3A8J3 and compare it to the 
normal values given in the table. Each frequency 
setting turns on one bit of the eight which drive the 
pretune circuitry. 


2. Ifthe VCO frequencies are correct, the A3A8 
VCO is operating properly. Check that the outputs 
at A38A8J1 and A8A8J2 are the proper level as 
stated on the block diagram. Notice that the fre- 
quency at A3A8J2 is one-tenth that of the other 
outputs. Proceed to step 3 to continue trouble- 
shooting. When the VCO frequencies are not cor- 
rect, try the following: 


a) Perform the open-loop pretune adjustment 
procedure on the block diagram. If these 
adjustments can be made, repeat the VCO 
check. Otherwise, continue below. 


= 


Measure the pretune voltage (TP8 on the 
mother board) for the front panel frequency 
settings given in the table on the block dia- 
gram. If these voltages are not normal, trace 
the problem starting with the pretune circui- 
try on A38A6. 


If the open-loop pretune adjustments cannot be 
made but the pretune voltages (TP8) are normal, 
the A38A8 VCO is faulty. 


3. Measure the output of the mixer at A38A9J2. 
Set the front panel frequency to values in the first 
column of the table on the block diagram. The loop 
should still be opened by having A38A9 out of the 
motherboard socket. The frequency output of the 
mixer should be 20 +4 MHz for all front panel 
frequency settings and the level should be as 
stated on the block diagram. If correct, the mixer 
portion of A8A9 is good. Connect cable W26 to 
A3A9J2 but leave A38A9 out of the bottom con- 
nector. 


4. The phase detector on A3A10 is a double bal- 
anced mixer so the frequency of the output will be 
the difference between a 20 MHz reference signal 
and the nominal 20 MHz IF signal from the mixer 
on A8AQ9. Using any front panel frequency setting, 
vary the GAIN adjustment on the top of the A3A8 
VCO assembly to vary the frequency of the IF 
signal. Turning the GAIN adjustment clockwise 
increases the frequency of the IF signal. The nor- 
mal cable must be connected to A3A9J2 but the IF 
signal can be monitored there with the high impe- 


Model 8662A Service 


SERVICE SHEET H (Cont'd) 


8 dance of a counter by using a T adapter. Vary the 
input IF frequency above and below 20 MHz and 
look for the difference signal at A3A10 pin 14. 


5. Monitor the frequency detector output at 


A38A10 pin 12. Vary the IF signal frequency using N LOOP PRETUNE NECOPERETUNE Sue econ peenne 
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the A adjustment and check the fre ———- fy= 122+ DDg MMe (NOTE 1) foj3* 120.0705 ,DpDgliy Osb lig tie NOTE) tras 10+ 07 .Dg0s04 02009 NOTE 1) 
quency detector output with the values shown in WHEN LOCKED ee WHEN LOCKED or =15. Bm #4 48 #3.d8m +308 = 
Table 8-232. 
The GAIN adjustment is coarse so the IF signal P/O A3A3N LOOP DIVIDER/PHASE DETECTOR _ ASAGSUMLOOPPHASE DETECTOR ANDPRETUNE ASRIRRLOVE VEO 2 ee ee ed PaAS EM SL MINER Aaa 
. . 
frequency cannot be controlled precisely. The IF PHASE A3A3 FMS LOOP © DET 
* * . . DETECTOR VOLTAGE 
signal frequency limits in the table should be REFERENCE ses aa CONTROLLED ourmur. eee! REFERENCE 
. Ce e iz PHASE 122-221 MHz SHAPING 
: treated as approximate. It is important to verify cG e—K 8 DETECTOR (122-221 M2) aap aie PRETUNE SELECTOR NETWORK SNE 
. WN LOOP PHASE ERROR SIGNAL 1 PHASE 10—20 MHz 
that three different output states of the frequency aq DQ pean Wines sors otASE, naan | Sto citen sia 0s Loop 
detector exist but not that they occur at precise oe ~aene pe — gt CONTROLLED 1290 REFERENCE (FM) sous oVQUTAGE REFERENCE 
VOLTAGE = er le OSCILLATOR 
values of IF frequency. UPN CWOLTAGE, 122-221 Mie aes cce Sopp ieehatne pe 100-200 MHz 


ERROR VOLTAGE 


N LOOP FREQUENCY 
ERROR SIGNAL (UP) 


ty XA3AS__ ERROR 


MODULATION 
CONTROL 


6. If both the phase detector and the frequency 


LOOP GAIN 
CIRCUIT 


7 TO- OUTPUT 
detector operate normally as described above, the ASALITES suatioae VOLTAGE. BUFFER B@® 5 #05 ERROR EMS LOOP 
: ON-N uM LOO chULTAge Pred {FMS LOOP Puget LIMITER 
A3A10 assembly is probably normal. Therefore, FREQUENCY coos rncoupin “TERROR 24): | ASALITED ooo ihe OUT-OF-LOCK) (ERROR #05) 


DETECTOR OUT-OF-LOCK 


ERROR SIGNAL (DOWN) DETECTOR 


the problem is most likely with the active circuitry 
onthe A3A9 assembly. 
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PRINCIPLES OF OPERATION 


The Signal Generator utilizes a switching power supply for reduced 
size, weight, and heat dissipation. The supply is made up of five 
major elements: an input rectifier/filter, the regulator switching 
transistors, a step-down/isolation transformer, output rectifiers 
(and associated L-C filters and IC regulators), and a pulse-width- 
modulated regulation network. The circuitry is on four boards. These 
are the Power Supply Motherboard, Inverter Board, Control Board, 
and the Linear Regulator Board. Supplementary circuits include 
current limiters, overvoltage protection networks, and a reference 
voltage supply. 


At the power line receptacle, the instrument can be switched for use 
with 115 Vac or 220 Vac power. Following line filtering, the raw acis 
rectified and coarsely filtered to produce plus and minus 160 Vdc. In 
the case of 115 Vac operation, voltage doubling occurs during 
rectification. The plus and minus 160 Vdc is then chopped at a 20 
kHz rate to drive step-down/isolation transformer A7A3T3. Vol- 
tages at the tapped outputs of T3 are rectified and filtered. Sense 
lines from the +5.2 volt supply line are fed to the switching-regulator 
circuitry on the Control Board. The +5.2 volt line is the only line 
which is regulated by the switching action of the supply. The +20 
Vdc, -10 Vdc, and -40 Vdc lines are maintained at constant voltage 
by linear regulators (Service Sheet 56). 


The +5.2 volt line is regulated by a feedback network consisting of 
the constant voltage comparator, turn-on level comparator, 40 kHz 
oscillator, pulse-width modulator (duty-cycle control circuitry), and 
switch drivers. If the output voltage attempts to decrease, the feed- 
back network senses the change and holds switching transistors 
A7A3Q3 and A7A3Q4 ON for longer periods of their switching 
cycles; an attempted increase is corrected by reducing the ON peri- 
ods of the transistors. In this manner, the power delivered by the 
supply is matched to the requirements of the instrument, resulting 
in maximum operating efficiency. 


TROUBLESHOOTING 


This procedure can be used to isolate a malfunction in the power 
supply. Once the problem is isolated to an assembly, continue trou- 
bleshooting on the service sheet for that assembly to find the bad 


component. 
WARNING 


Plus and minus 160 Vdc, and line voltage, are present 
whenever the power cable is plugged in. This high voltage 
exists on the red heatsink, on the other portions of the 


SERVICE SHEET | (Cont'd) 


[warnine } NING § (Cont’d) 


inverter board and on the mother board. Be extremely 
careful when working in this area. 


Before removing or inserting power supply plug-in boards, 
disconnect ac power cable and allow 30 seconds for filter 
capacitors to discharge. 


Failure to observe these precautions may result in injury 
to personnel or damage to equipment. 


} CAUTION | 


If the line fuse burns out, do not replace it until the cause 
for the failure has been determined and repaired (by a 
qualified service person only and specifically with resist- 
ance checks in the power supply. See Service Sheet 55). 
Replacing this fuse in a damaged generator can cause 
additional damage. 


1. General 


Measure the +5.2V test point with a DVM. If the reading is not 5.20 
+0.02 Vdc and cannot be adjusted to bring the voltage within these 
limits, continue troubleshooting with the next step listed in Table 
8-233, based on the DVM reading. The +5.2V supply should be 
operating normally before working on problems with the other 
supply voltages. If the +5.2V supply is normal and one of the other 
supply voltages is not, continue troubleshooting with step 5. 


Table 8-233. +5.2V Test Point Conditions 


V < 0.05 


V <5.20 
V <5.22 
V >5.22 


Shut down 
Low Voltage 
Normal 

High Voltage 


Service 


SERVICE SHEET | (Cont'd) 


c) Disconnect the line cord from the rear panel 
of the Generator. 


d) Extend the A7A2 Control Board Assembly 
using the extender board from the service acces- 
sory kit. Connect the line cord and turn the line 
switch to ON. Look at TP6 and TP7 on A7A2. 
These waveforms should be similar to those 
shown on the block diagram (A7A2 pins 10 and 
11). If these waveforms are not present (that is, 
only a dc level is present), the problem is most 
likely on A7A2 so continue troubleshooting on 
Service Sheet 57. If these waveforms are present, 
the problem is most likely on A7A8 so continue 
troubleshooting on Service Sheet 55. 


3. Linear Regulator Overvoltage Shutdown 


Turn the line switch to STANDBY. Unplug the 
line cord from the rear panel. Remove the A7A1 
Linear Regulator Assembly from the instrument. 
Mount the A7A2 Control Board Assembly on its 
extender board from the service kit. Connect a 
short jumper wire between TP5 and ground on 


REGULATOR 
SWITCHING 
TRANSISTORS 


Model 8662A 


A7A2. Connect the line cord and turn the line 
switch to ON. Measure TP1 (5.2V supply) on 
ATAQ2. 


If the voltage is 5.20 +0.02 Vdc or can be adjusted 
to within the range, the problem is on the A7A1 
assembly so continue troubleshooting on Service 
Sheet 56. Otherwise, refer to Table 8-234 and con- 
tinue troubleshooting with the next step listed in 
the table based on the actual voltage reading at 
TP1.The jumper from TP1 to ground must remain 
connected and A7A1 must remain out of the power 
supply. Once the 5.2V supply is normal, remove 
the jumper and install A7A1. Measure all supplies. 
If there are any abnormalities, restart with step 1 
of this procedure. 


4. +5.2V Supply Low 


Turn the line switch to STANDBY and unplug the 
line cord from the rear panel. Mount the A7A2 
Control Board Assembly on its extender board. 
Connect the line cord and turn the line switch to 
ON. Usea DVM with floating inputs and measure 
the voltage between pins 17 and 18 on the edge 
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2. Shut Down 
Check the following: 


a) The linear regulator overvoltage shut-down LED visible 
through an opening in the top of the power supply. If this LED 
is lit, the overvoltage shut-down has triggered so continue 
troubleshooting with step 3. 


b) The fuses on the rear panel. If either fuse is blown, continue 
troubleshooting with Service Sheet 55. 
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Figure 8-217. Simplified Power Supply Block Diagram 
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connector of A7A2. This voltage is the drop across 
the current sensing resistor in series with the out- 
put. If this voltage is greater than 0.070V, the load 
is drawing too much current and the supply is in 
current limit. Look for the cause of the excess cur- 
rent draw in the other sections of the instrument. 
If the problem is not current limiting, look at TP6 
and TP7 with an oscilloscope. The waveforms 
should be as shown on the block diagram. The 
pulse width of the positive part of the waveform 
should be 20 us or more. If the pulse width is less, 
there is a problem on the A7A2 control board so 
continue troubleshooting on Service Sheet 57. If 
the pulse width is normal, the problem is most 
likely on the A7A83 inverter board or the A7A4 
mother board so continue troubleshooting on Ser- 
vice Sheet 55. 


5. +5.2V Supply Normal, Linear Regulator 
Problem 


Table 8-234 gives the normal input and output 
voltages for the A7A1 Linear Regulator Board and 
the test points where these voltages can be 
measured. 


Table 8-234. Linear Regulator Voltages 


Normal Output (Vdc) 


20.0 +0.1 
-10.0 +0.04 
40.0 +0.2 


Measure the outputs and try to adjust any that are 
not within the normal range. If an output is too 
high, the problem is most likely on the A7A1 Lin- 
ear Regulator. If an output voltage is low, measure 
the input. If the input is too low, the problem is 
likely to be on the A7A8 Inverter Assembly but if 
the input is normal, the A7A1 Linear Regulator is 
malfunctioning or the load is drawing too much 
current. Continue troubleshooting with the ser- 
vice sheet where the problem appears to be. 


6. +5.2V Supply Higher Than Normal 


This is most likely a problem with A7A2 Control 
Assembly. Continue troubleshooting on Service 
Sheet 57. 
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PRINCIPLES OF OPERATION 
General 


Service sheet 1 depicts the circuit configuration for 
the right-hand side of the front panel keyboard. 
This keyboard is composed of data, storage, mode, 
and special function keys. These keys are essentially 
DPST pushbutton switches (normally open), ar- 
ranged in a matrix with row (called “key down’’) and 
column outputs. Each button, when pressed, gener- 
ates unique logic signals at the row and column 
outputs which are sent to the Keycode Board (Service 
Sheets 3 and 4) for decoding. There are five 
COLUMN (“C”) lines and eight KEY DOWN (“KD”) 
lines. 


Many of the front panel buttons have lamps to 
indicate active conditions or call attention to mal- 
functions or errors. The lines which enter the 
keyboard to drive these lamps originate at the Sweep 
D/A Board (Service Sheet 17). The lamps are 
mounted on the circuit board in back of the buttons 
and light is transmitted to the front surface of the 
buttons by way of a “light pipe”. Nine LEDs are used 
on this keyboard. 


Service 


NOTE 


The KEY CODE CHART at the lower 
right-hand side of the service sheet gives 
both the binary and hexidecimal codes at 
the output of the encoders on the Keycode 
Board. The binary code from this table 
should match that displayed by the seven 
LEDs at the top of the Keycode Board 
(which are visible when the top cover of 
the Signal Generator is removed). 


Rotary Pulse Generator 


The Rotary Pulse Generator (RPG) operates photo- 
electrically to produce a series of digital logic pulses 
that are used to increment or decrement various 
front panel functions. The RPG knob may be turned 
continuously in either direction. When the RPG is 
turned, it outputs two square wave pulses, in quad- 
rature, with the leading pulse determining the 
direction of rotation. A logic circuit on the Keycode 
Board senses the direction and number of pulses 
being generated by the RPG and uses this informa- 
tion to adjust the user specified parameter. 


The RPG is located in close proximity to, but not on, 
the Right Keyboard. The Keycode Board accesses 
the clockwise (CW) and counterclockwise (CCW) 
lines from the RPG by way of the Right Keyboard at 
pins 28 and 29. (See Keycode Board; Service 
Sheet 3). 
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PRINCIPLES OF OPERATION 
General A1A2 ASSEMBLY 


Service sheet 2 is the schematic for the left-hand side of the front panel J1 CIRCUIT SIDE OF BOARD 
Keyboard. This keyboard is composed primarily of sweep function 
keys. These keys are DPST pushbutton (normally open) switches 
arranged in a matrix with row (called “key down”) and column out- 
puts. Each button, when pressed, generates unique logic signals at the 
row and column outputs which are sent to the Keycode Board (Service 
Sheets 8 and 9) for decoding. There are three COLUMN (“C”’) lines and 
eight KEY DOWN (“KD”) lines. 


Many of the front panel buttons have lamps to indicate active condi- 
tions. The lines which enter the keyboard to drive these lamps originate 
at the Sweep D/A Board (Service Sheet 17). The lamps are mounted 
on the circuit board in back of the buttons and light is transmitted 
to the front surface of the buttons by way of a “light pipe”. Twenty 
LEDs are used on this keyboard. 


NOTE 


The KEY CODE CHART at the lower right-hand side of the 
service sheet gives both the binary and hexidecimal codes 
at the output of the encoders on the Keycode Board. The 
binary code from this table should match that displayed 
by the seven LEDs at the top of the Keycode Board (which 
are visible when the top of the Signal Generator is removed). 
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PRINCIPLES OF OPERATION 


General 


The Keycode Board encodes signals from either the front panel keyboard or from external 
devices connected to the rear panel auxiliary input. It also encodes malfunction and status 
signals from the mainframe of the instrument so that the microprocessor can be alerted to 
various problems, errors, or malfunctions. The sweep step-time divider circuitry is also found 
on the Keycode Board. 


The Keycode Board has been broken down into two service sheets. Service sheet 3 shows the 
keyboard inputs, auxiliary input encoding circuitry, and the peripheral interface adapter 
(PIA); service sheet 4 contains the malfunction detection and sweep step-time divider 
circuitry. 


Peripheral Interface Adapter (PIA) 


When the Signal Generator is first turned on, the peripheral interface adapter (PIA) is ini- 
tialized as follows: 


a 


2-4 Coded Key Down lines (PA@-PA2) 
5-9 Coded Column lines (PA3-PA6) 
10-13 Error alert inputs (PB@-PB3) 
14-17 Error alert outputs (PB4-PB7) 

18, 19, 40 Input interrupts (CB2, CB1, CA1) 
39 Output handshake clear (CA2) 


other pins Reserved for data and uP signals 


The signals which control the initialization process enter the Keycode Board by way of pins9, 
11-16, and 35. 


When a front panel key is pressed, matrix data from the key down (KD) lines and the column 
(C) lines is encoded by U13 and U14 and then debounced by U12 and half of U4. After 
debouncing, pin 6 of U12 goes LO creating an interrupt to the microprocessor. The micropro- 
cessor reads the keyboard data and information which is present at pins 26-33 of the PIA. 
Following the read operation, the PIA generates a “handshake” signal at pin 39 (CA2) which 
resets the encoding circuitry. 


Priority Keyboard Encoders 


The key down (KD) and column (C) inputs drive priority encoders U13 and U14, respectively. 
These encoders generate a 3-bit code representing the input having the highest numerical 
value (priority). The B7 input, for example, has a higher priority than any other input. If two 
inputs are received at the same time, which is not a normal function, the output code will cor- 
respond to the input with the highest priority. 


The step up, step down, and various sweep function control lines which enter the instrument 
by way of the rear panel AUX jack are encoded by U21 and U22, taking second priority to the 
front panel keyboard. If the user attempts to input information from the rear panel while at the 
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same time trying to input from the front panel keyboard, the keyboard 
will have priority because of the various interlocks provided. 


The user can prepare the Keycode Board (service sheets 3 and 4) to 
accept internal inputs (from the rear panel AUX connector) that have 
noise or bounce on them, or signals that are electronically clean (that 
is noise and bounce free). This is the function of the on-board jumper. 


With jumper 1 (J1) in place, the debounce circuitry is bypassed so that 
the circuit response to clean signals is very fast; in the order of 100 
nanoseconds. With jumper 2 (J2) connected, the circuit response is 7 to 
9 milliseconds. This time delay gives un-debounced signals time 
to settle. 


NOTE 
The Signal Generator is shipped with the J1 jumper 
installed. 
Keycode Display 


Inputs PA@ through PA6 are sampled at the PIA by inverters. The 
outputs of these inverters feed the cathodes of seven LED indicator 
lamps. These lamps, which can be viewed from the top edge of the Key- 
code Board, give a visual indication of the code present at the input 
of the PIA. These codes can be interpreted as keystrokes with the data 
shown on schematics 1 and 2. 


Rotary Pulse Generator (RPG) 


The rotary pulse generator (RPG) operates photo-electrically to pro- 
duce a series of digital logic pulses that are used to increment or 
decrement various front panel functions. The RPG consists essentially 
of a slotted disc through which light is passed. The disc is coupled 
to the RPG knob on the front panel. When it is turned, phototransistors 
sense the light as it flashes through the slots. Two square wave pulses 
are output, in quadrature, with the leading pulse determining the 
direction of rotation. 


The clockwise (CW) and counter-clockwise (CCW) lines from the RPG 
enter the Keycode Board at pins 4 and 21 and trigger the RPG latch 
and encoding circuitry. This circuitry (formed by U11, U20, U21, and 
U22) then sends direction and rate information to the microprocessor. 
There are 120 slots in the RPG disc, so for every 3° of rotation of the 
RPG knob a pair of pulses is output from the RPG. For many functions, 
these pulses are divided in software to give a better feel to the control. 


Monitor 


Rather than treating the external reference and oven status inputs at 
pins 39 and 40 as error messages, the monitor formed by U26 treats 
these signals as status bits and sends them directly to the micropro- 
cessor through the data bus, bypassing the data bus buffers. 


TROUBLESHOOTING 


Signature analysis can be used to troubleshoot the A2A1 assembly and 
the instructions for using this technique are given in this service sheet, 
and service sheet 4. However, there are some checks that can be made 
with just a logic probe that will find the problem or narrow it down so 
signature analysis can be applied to a specific part of the circuitry. 
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Manual Procedure 


1. Remove the top cover of the Generator so the yellow LED indicators 
on the top of the A2A1 assembly can be seen. Press a front panel key 
or activate a contact closure on the rear panel AUX connector 
(whichever is the source of the problem). As long as the key is 
pressed, the keycode for the key should be displayed by the LEDs. 
Keycodes for all keys are given in the tables on service sheets 1 and 
2. If the keycode is wrong, trace the problem back to the input of 
A2A1. Determine if the problem is on A2A1 or another assembly 
which drives A2A1. If the keycode is correct, continue with step 2. 


2. Mount the A2A1 assembly on an extender board. Monitor U17 (PIA) 
pin 40 with a logic probe. Press a key and note the response on the 
logic probe. Pin 40 is the interrupt input to the PIA and normally the 
logic probe would show a negative going pulse coming from U12A. 
This pulse occurs because pin 39 of the PIA issues a reset signal to 
U12A when the data has been read by the processor board. If the 
dataisn’tread, U12A isn’t reset and the output of U12A isn’t a pulse. 
In this case U12A will toggle everytime a key is pressed. Thus if 
U12A toggles it is likely that all the circuitry driving U12A is good. 
If U12A stays in one state when a key is pressed, there is a problem 
with U12A or the circuitry driving it. If U12A toggles, then the 
problem is with the PIA or circuitry associated with the data bus 
buffers. The PIA is programmed by the processor during initializa- 
tion and will not function unless this programming is accomplished. 
Therefore, the only way to effectively troubleshoot the PIA is to use 
signature analysis. The following signature analysis keycode 
stimulus program initializes the PIA and stimulates all modes so 
the problem can be found. 


3. Grounding any of the inputs of the malfunction detectors (U23 and 
U24 on service sheet 4) should produce the corresponding code at the 
M inputs to U15. When the codes at the M and N inputs of U15 are 
different, the “M=N” output of U15 (pin 6) should be low and U6 pin 
12 should be low. In normal operation the N inputs to U15 come from 
the PIA (U17) and are the same as the M inputs. Then the ‘““M=N” 
output of U15 should be high and U6 pin 12 should be high. 


Use the following signature analysis to troubleshoot if these simple 
checks don’t uncover the problem. 


Signature Analysis Set-up 


1. Turn on the signal generator and wait for the STATUS light to stop 
indicating error code #12 (insufficient warm-up time). Disconnect 
the white reverse power connector cable at J1 of the A8A1 assembly 
(top of signal generator). Switch on the internal reference button 
(back panel). At this point, error code #9 should be indicated by the 
STATUS light. 


2. Turn off the Generator. Remove all boards from the DCU section 
except A2A6, A2A2, and A2A1. Place A2A1 on an extender. 


3. Set the Signature Analyzer pushbutton switches as follows: 


SERVICE SHEET 3 (Cont'd) 
START BUTTON 


_/ (OUT) 


STOP BUTTON “\ (IN) 
Positive edge ( iT: ) or negative edge 
C\), depending on device being 


CLOCK BUTTON 


tested* 
HOLD BUTTON (OUT) 
SELF-TEST BUTTON (OUT) 


* Explicit instructions for the position of the clock button will be provided 
next to the reference designator of the device being tested. 


4. Connect the Signature Analyzer to the microprocessor assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 
TP2 (“ST”) 
TP1 (“SA, CK”) 
TP6 (“GND”) 


STOP LEAD 
CLOCK LEAD 
GROUND LEAD 


5. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2ZA6TP6. 


6. Plug the 10 pin shorting connector at the top of A2A6. Connect a 
jumper between A2A6TP4 and A2A6TP6 and set A2A6U5 (diag- 
nostic routine select switch) to position 3 (between 2 and 4). 


7. Remove the screws at the top and bottom front of the Signal Gener- 
ator. Pull the front panel forward and down. Looking at the Signal 
Generator from the front, disconnect the W48 ribbon cable at the 
DCU Motherboard (i.e., disconnect W48 at A2A10J2). Disconnect 
the W49 ribbon cable (on the left) at the front panel (i.e., disconnect 
W49 at A1A2J1). Connect W49 at A2A10J2. This re-routes the 
keyboard display signals that originate at the Sweep Board, sending 
them back to the DCU to simulate keyboard inputs. 


8. On A2A1, install jumper J1 and leave jumper J2 open. Slide the 
switch (A2A1S1A) to the TEST position. Turn on the Generator. 


Pretest Procedure 


1. Turn on the Signature Analyzer. Touch the probe to any convenient 
+5Vdc pin, push the RESET button on the probe and then release. 
The display should indicate “0000” and then “6F90”. If this does not 
occur, go back and re-check all connections and switch positions as 
outlined in the preceding setup procedure. Also, the UNSTABLE 
SIGNATURE lamp on the Signature Analyzer should be OFF and 
the GATE lamp should be flashing. 


2. For this test, all annunciators should be glowing dimly. The 
+1 digit 1 (left hand digit of the amplitude display) and HP-IB 
indicator lamps (2) should be on. Any other digit display is 
meaningless. 

3. Except for the CLOCK button on the Signature Analyzer, no 


other button, switch or connection should be altered in the 
course of taking signatures on the Keycode Board (A2A1). 
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NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceeded by a+ or— sign. A+ sign indicates the CLOCK 
button on the Signature Analyzer should be set to take sig- 
natures on the positive edge of the reference CLOCK pulse 
(CLOCK button OUT). A — indicates a negative or trailing 
edge signature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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Figure 8-307. P/O A2A1 Keycode Board Component Locations 
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Figure 8-308. P/O A2A1 Keycode Board Block Diagrams 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


This portion of the Keycode Board contains the malfunction detection 
and sweep step-time divider circuitry. The malfunction circuitry en- 
codes error messages sent to it from throughout the instrument and 
generates interrupts which are sent to the microprocessor (service 
sheet 6). The sweep step-time divider circuitry generates signals which 
are sent to both the peripheral interface adapter (service sheet 3) and 
the Sweep D/A Board (service sheet 17). 


* Malfunction Detection Circuitry 


Fourteen error messages are sent to the Keycode Board from different 
points throughout the instrument. These error signals enter the board 
by way of pins 2-5, 12, 17, 20-23, 31-33, and 35, and are sent to malfunc- 
tion encoders U28 and U24. Error codes generated by U23 and 24 are 
sent to pins 10-18 of the peripheral interface adapter (service sheet 3) 
and pins 10, 12, 18, and 15 of comparator U15. The codesent to the PIA 
is used by the microprocessor to address an error/malfunction code 
table in ROM. 


A 4-bit code from the error code table is sent to the PIA. The PIA directs 
the code back to pins 9, 11, 14, and 1 of comparator U15 on the Keycode 
Board, where it is compared against the original malfunction code. If 
the two codes are not equal, the output of U15 (pin 6) goes LO, trig- 
gering the one-shot formed by U4A to produce a 190ms pulse. If the 
code at pins 9, 11, 14 and 1 persists for more than 190ms, an in- 
terrupt is generated at pin 12 of U6A. This interrupt is sent to the PIA. 


When the microprocessor sees the interrupt, it reads the 4-bit code from 
the error code table and sends this code, by way of the PIA, to pins 9, 11, 
14and1 of U15. This causes the two 4-bit codes at comparator U15 to be 
equal, ending stimulus to the malfunction interrupt circuitry. The 
microprocessor then evaluates the input code to determine what 
message to generate. When the code from the priority encoders 
changes, a new interrupt is generated, and the new code is re 
interpreted through the same process. 


Sweep Step-Time Divider Circuitry 


Divider U8, U9, and U10 act to divide the 1.5 MHz @2 clock signal into 
three different frequencies. These frequencies are5 kHz (200 us period), 
1 kHz (1 ms period), and 100 Hz(10 ms period). The5 kHz is generated 
for use by the sweep-marker generator on the Sweep Board (service 
sheet 16). The 1 kHz and 100 Hz clocks are used by the microprocessor 
for sweep-step timing. The sweep clock select signal at pin 1 of the Key- 
code Board selects a 1 ms period for 0.5, 1, and 2 ms sweep-time-per- 
step keys, and 10 ms for the 10 ms and 100 ms keys. These two 
selected outputs interrupt the microprocessor through pin 18 (CB1) 
of the PIA when enabled under software control. 


SERVICE SHEET 4 (Cont'd) 
TROUBLESHOOTING 


Refer to service sheet 3 for troubleshooting the Keycode Board (A2A1). 
After completing the procedures in service sheet 3 Signature Analysis 
can be used to troubleshoot the A2A1 assembly. The instructions for 
using this technique are given in this service sheet and service sheet 3. 


Set-up 


1. Turn on the signal generator and wait for the STATUS light to stop 
indicating error code #12 (insufficient warm-up time). Disconnect 
the white reverse power connector cable at J1 of the A3A1 assembly 
(top of signal generator). Switch on the internal reference button 
(back panel). At this point, error code #9 should be indicated by the 
STATUS light. 


2. Turn off the Generator. Remove all boards from the DCU section 
except A2A6, A2A2, and A2A1. Place A2A1 on an extender. 


3. Plug the 10 pin shorting connector at the top of A2ZA6. Connect a 
jumper between A2A6TP4 and A2A6TP6 and set A2A6U5 (diag- 
nostic routine select switch) to position 3 (between 2 and 4). 


4. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON JS (ovT) 
STOP BUTTON ~\ CIN) 
CLOCK BUTTON 


Positive edge ( 2s ) or negative edge 
(\); depending on device being 
tested* 

HOLD BUTTON (OUT) 

SELF-TEST BUTTON (OUT) 


* Explicit instructions for the position of the clock button will be provided 
next to the reference designator of the device being tested. 


5. Connect the Signature Analyzer to the microprocessor assembly 
(A2A6) as follows: 
Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


STOP LEAD TP2 (“ST”) 


CLOCK LEAD 
GROUND LEAD 


TP1 (“SA, CK”) 
TP6 (“GND”) 


6. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2A6TP6. 


7. Remove the screws at the top and bottom front of the Signal Gener- 
ator. Pull the front panel forward and down. Looking at the Signal 
Generator from the front, disconnect the W48 ribbon cable at the 
DCU Motherboard (i.e., disconnect W48 at A2A10J2). Disconnect 
the W49 ribbon cable (on the left) at the front panel (i.e., disconnect 
W49 at A1A2J1). Connect W49 at A2A10J2. This re-routes the 
keyboard display signals that originate at the Sweep Board, sending 
them back to the DCU to simulate keyboard inputs. 
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8. On A2A1, install jumper J1 and leave jumper J2 open. Slide the 
switch (A2A1S1A) to the TEST position. Turn on the Generator. 


Pretest Procedure 


1. Turn on theSignature Analyzer. Touch the probe to any convenient 
+5Vdc pin, push the RESET button on the probe and then release. 
The display should indicate “0000” and then “6F90”. If this does not 
occur, go back and recheck all connections and switch positions as 
outlined in the preceding setup procedure. Also, the UNSTABLE 
SIGNATURE lamp on the Signature Analyzer should be OFF and 
the GATE lamp should be flashing. 

2. For this test, all annunciators should be glowing dimly. The + digit 
(left hand digit of the amplitude display) and HP-IB indicator lamps 
(2) should be on. Any other digit display is meaningless. 

3. Except for the CLOCK button on the Signature Analyzer, no other 
button, switch or connection should be altered in the course of 
taking signatures on the Keycode Board (A2A1). 

NOTE 


In the Signature listings the reference designator for each 
device is followed by a+ or— sign; or each pin number is pre- 
ceeded by a+ or— sign. A+ sign indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge signa- 
ture reading (CLOCK button IN). 

In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The HP-IB Board interfaces the Signal Generator to the Hewlett- 
Packard Interface Bus, allowing the instrument to be remotely oper- 
ated by an automated controller. 


General Purpose Interface Adapter (GPIA) 


The system microprocessor receives, processes, and sends messages 
to the HP-IB through U7, the general purpose interface adapter 
(GPIA). The GPIA handles many interface operations, including 
complete handshake protocol, command detection, local disabling, 
and serial polling. 


HP-IB Transceivers 


U5, U6, U8, and U9 are quad bi-directional transcievers used for 
matching the MOS GPIA to the 16 HP-IB bus lines. Each trans- 
ceiver has back-to-back driver and receiver elements plus the required 
bus terminations. Direction of data flow is controlled by enabling the 
desired driver or receiver element. A pullup enable input at each trans- 
ceiver allows selection of either an open-collector or 3-state driver mode. 


Read Only Memory (ROM) 

The read-only memory contains all of the software routines needed to 
interface the instrument to the HP-IB. The ROM on this board, 
although physically removed from main memory, is addressed by the 
microprocessor through the same address lines. 


‘ START LEAD TP2 (“ST”) 
HP-IB Address Select . STOP LEAD TP2 (“ST”) 
At the top of the HP-IB board are two BCD thumbwheel switches. CLOCK LEAD TP1 (“SA, CK”) 
These switches allow the user to set the address to which he wishes GROUND LEAD TP6 (“GND”) 


the instrument to respond when programmed remotely through the 
HP-IB. Address designations from 00 to 30 can be used. Any address 
above 30 is invalid. 


NOTE 


The Signal Generator is shipped with the HP-IB address 
select switch set at 19. 


TROUBLESHOOTING 


Run the HP-IB I/O check in section III. If this check fails, there is 
most likely a problem with the A2A5 HP-IB assembly. There are 
several tests which must be made to fully check the HP-IB assembly. 
Following is a recommended sequence for performing these tests: 


1. Perform the ROM test by selecting special function 83. This tests 
ROM U11 and the associated data buffers and address decoders. 
Error 01 indicates U11. If the ROM test passes (00 displayed), these 
parts of A2A5 are normal. 


2. Run the HP-IB talk-only diagnostic. Follow the instructions on 
service sheet B1. This diagnostic checks the HP-IB address select 
switch and buffer and the parts of the GPIA (U7) and HP-IB trans- 
ceivers that perform the talk function. The controller diagnostic 
program listed on the service sheet analyzes the data that the HP-IB 
assembly puts on the bus. 


3. Signature analysis can be used to troubleshoot with the talk-only 
diagnostic. If the controller diagnostic program indicates an error, 
follow the instructions on service sheet B1 and the signature 
analysis section below. 


Set-up 


1. Remove all boards from the DCU section except A2A6 and A2A5. 
Place the HP-IB board on an extender. 


2. Plug the 10 pin shorting connector at the top of A2A6. Connect 
a jumper between A2A6TP4 and A2A6TP6 and set A2A6U5 
(diagnostic routine select switch) to position 2. 


3. Set the Signature Analysis pushbutton switches as follows: 


START BUTTON 
STOP BUTTON 
CLOCK BUTTON 


HOLD BUTTON 
SELF-TEST BUTTON 


4. Connect the Signature Analyzer to the microprocessor assembly 


(A2A6) as follows: 
Signature Analyzer A2A6 Assembly 


5. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2A6TP6. 


6. Disconnect any devices on the HP-IB (at the rear panel connector). 
Set the HP-IB address switches (S1A and §1B) on the HP-IB board 
to 19. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. The Signature Analyzer display should indicate “0000” and 
then “H12H”. If this does not occur, go back and recheck all 


connections and switch positions as outlined in the preceding 
setup procedure. Also, the UNSTABLE SIGNATURE lamp on the 
Signature Analyzer should be OFF and the GATE lamp should 
be flashing. 


2. For this test, ignore anything displayed on the front panel of the 
Signal Generator. Any display is meaningless. 


3. No button, switch or connection should be altered in the course of 
taking signatures on the HP-IB Board (A2A5). 


NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceeded by a+ or — sign. A + sign indicates the CLOCK 
button on the Signature Analyzer should be set to take 
signatures on the positive edge of the reference CLOCK 
pulse (CLOCK button OUT). A — indicates a negative or 
trailing edge signature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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PRINCIPLES OF OPERATION 
General 


The Microprocessor/Decoder Board directs the operation of the DCU 
which, in turn, controls the instrument. We will not go into a detailed 
description of the operation of the MC68A08P microprocessor chip. If 
more information is desired, refer to the component manufacturer’s 
information of the chip. The bulk of the microprocessor assembly is 
shown on this service sheet. Service sheet 7 depicts the address 
decoding scheme for the hardware-select logic. 


NOTE 


The DCU does not monitor the RF output of the Signal 
Generator. The DCU only sends control signals to the signal 
generating (mainframe) portion of the instrument; it does 
not make corrections when the output is in error. 


6 MHz Master Clock 


Oscillator U1 is the master clock for the DCU; its frequency is crystal 
controlled. If this clock fails, the microprocessor will shut down due 
to the action of the clock-fail detector. 


The output of the master system clock is 6 MHz. The master clock 
output is fed directly to the microprocessor, which contains a divide by- 
four circuit that converts the clock frequency to 1.5 MHz. This fre- 
quency becomes the phase two (@2) clock, at pin 37 (E) of U13, and 
provides clocking for the rest of the system. 


Power-up and Reset Circuitry 


The reset circuitry signals the microprocessor to begin the restart 
sequence. A reset signal, generated during power-up of the instrument, 
initializes the microprocessor from the power-down condition. 


At power-up, the microprocessor is not allowed to read or write until 
the power supply remains at +4.75 volts for at least eight clock cycles. 
After eight clock cycles the valid memory address (VMA) line is pulled 
LO, assuring that no false read or write pulses reach RAM or ROM 
while the memory address lines are in an undetermined state. 


Clock-Fail and Power-Fail Detector 


The clock-fail detector monitors the @2 system clock (E output at pin 37 
of the microprocessor). If this clock drops out momentarily or falls 
below 540 kHz, a reset signal is issued. When the reset line goes LO it 
re-initializes the machine by directing the program counter to locations 
FFFE and FFFF. These locations, found in ROM, are where the 
initialization program is contained. 


Clock Timing Shift Circuitry 


The 62 (E) clock at the microprocessor is conditioned and modified by 
circuitry found on the Microprocessor Board. Timing shifts for both the 
“read” and “write” cycles are initiated to counteract the combined 
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propagation delays introduced by devices connected between the 02 
(E) output of the Microprocessor Board and the peripheral boards. 


When U13 is reading data from memory or a peripheral, the “read” 
portion of the @2 clock cycle is retarded from its reference position. 
This ensures that data received by the microprocessor (from other 
boards in the DCU) is read from the data bus while still valid. The 
clock is retarded through the combined propagation delay times of U9 
and U10. 


When the @2 clock is in the “write” portion of the cycle, latch U2 creates 
approximately 90 ns of timing advance on most @2 clock lines, con- 
tracting the write cycle as shown in the following figure. This 
advanced write pulse ensures that the memory and peripherals accept 
valid data from the microprocessor before the end of the @2 clock 
cycle. 


READ WRITE ——o| 
\ 
t 
CRYSTAL \ MODIFIED READ | 
REFERENCE (02); TIMING (RETARDED) | 


D 
~90 ns ADVANCE 
ew" 


MODIFIED 
LINE (92) 
(CLOCK 3 
AND 4 LINES) 


. ' 
, es 


MODIFIED WRITE 
TIMING (CONTRACTED) 


Modified @2-Line Timing Shift 


Diagnostic ROM and Routine Select Switch 


ROM U6 contains diagnostic programs for troubleshooting. The 
address inputs to this ROM connect to the microprocessor, but the 
ROMs data outputs are not connected to the data bus unless a shorting 
connector is installed at the top of the Microprocessor Board. When 
ROM U6 is being used, test point 4 (TP4) on the Microprocessor 
Board must be grounded. Grounding this pin sets U23 and U24 ina 
write-only mode. The microprocessor then reads a code from the data 
bus which is composed of the switch settings on U5 and the lower four 
lines of the data bus (which are tied alternately HI and LO creating 
the code “5’’). The diagnostic code is always 5X, where X is the switch 
code. The code is interpreted and used to call up one of nine diagnostic 
programs stored in ROM U6. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A6 assembly. 
The instructions for using this technique are given below. 


Set-up 


1. Remove all boards from the DCU section except A2A6. Place A2A6 
on an extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 
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3. Connect the Signature Analyzer to the Microprocessor Assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD 
STOP LEAD 
CLOCK LEAD 
GROUND LEAD 


TP2 (“ST”) 


TP2 (“ST”) 
TP1 (“SA, CK”) 
TP6 (“GND”) 


4. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2A6TP6. 


5. On A2A6, connect a jumper between A2ZA6TP4 and A2A6TP6. If 
the 10 pin shorting connector is plugged into the top of the Micro- 


processor Board, remove it. This puts the microprocessor board into 
a FREE RUN mode. 


NOTE 


In this FREE-RUN test, the diagnostic ROM (A2A6U6) 
itself is actually being checked. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. The Signature Analyzer display should indicate “0000” and 
then “0001”. If this does not occur, go back and re-check all con- 
nections and switch positions as outlined in the preceding setup 
procedure. Also, the UNSTABLE SIGNATURE lamp on the 
Signature Analyzer should be OFF and the GATE lamp should 
be flashing. 


2. For this test, ignore anything displayed on the front panel of the 
Signal Generator. Any display is meaningless. 


3. No button, switch or connection should be altered in the course of 
taking signatures on A2A6. 


NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceeded by a+or-— sign. A+ indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge sig- 
nature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


This section of the Microprocessor Board decodes information on the 
address lines and uses it to generate register control and monitor clock 
signals for use at the Keycode Board, HP-IB, Readout, Level/ 
Modulation, Frequency, and Sweep D/A Boards. The address decoders 
found on this service sheet are 8-to-1 demultiplexors (U14-U16, 
U18-U20). Lines from the decoders are sent to all DCU boards except 
RAM and ROM. Address lines to memory come directly from address 
buffers U21 and U22. 


TROUBLESHOOTING 

Signature Analysis can be used to troubleshoot the A2A6 assembly. 
The instructions for using this technique are given below. 

Set-up 


1. Removeall boards from the DCU section except A2A6. Place A2A6 
on an extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 


3. Connect the Signature Analyzer to the Microprocessor Assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (‘ST”) 
TP2 (“ST”) 
TP1 (“SA, CK”) 
TP6 (“GND”) 


STOP LEAD 
CLOCK LEAD 
GROUND LEAD 


4. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2ZA6TP6. 


5. On A2A6, connect a jumper between A2ZA6TP4 and A2A6TP6. Ifthe 
10 pin shorting connector is plugged into the top of the Micropro- 


cessor Board, remove it. This puts the microprocessor board into a 
FREE RUN mode. 


NOTE 
In this FREE-RUN test, the diagnostic ROM (A2A6U6) 
itself is actually being checked. 
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Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. 
Touch the Signature Analyzer probe to any convenient +5 Vdc 
pin, push the RESET button on the Signature Analyzer probe 
and then release. The Signature Analyzer display should indicate 
“0000” and the “0001”. If this does not occur, go back and re-check 
all connections and switch positions as outlined in the preceding 
setup procedure. Also, the UNSTABLE SIGNATURE lamp on the 


Signature Analyzer should be OFF and the GATE lamp should 
be flashing. 


2. For this test, ignore anything displayed on the front panel of the 
Signal Generator. Any display is meaningless. 


3. No button, switch or connection should be altered in the course of 
taking signatures on A2A6. 


SERVICE SHEET 7 (Cont'd) 


5555 
CCCC 
7FTF 
U68U 
2828 
0001 
0851 
0000 
2141 
8501 
1400 
5004 
4014 
0054 
0157 
0001 


5555 
cccc 
7ET7F 
04P6 
2828 
0001 
2205 
0000 
8811 
2041 
8103 
0409 
1020 
4084 
0215 
0001 


Microprocessor Board (P/O A2A6) Signatures 


F764 
F764 
98HP 
P636 
C98F 
F764 
0000 
L31F 
P6P7 
9C99 
6P62 
H479 
131F 
0001 


5H21 
OAFA 
UPFH 
0000 
0000 
H9HA 
0000 
1UHC 
CA59 
8295 
F82H 
04P6 
U6 8U 
F488 
0001 


& P/O Microprocessor/Decoder 


1293 U2l- 
HAP7 
3C96 
3827 
755U 
0001 
A6 8C 
0000 
A277 
9840 
8P4P 
5P18 
2828 
02H7 
3APF 
0001 


WODYUDNPWNHE 


52F8 
HC89 
2H70 
HPPO 
3APF 
0001 
9947 
0000 
CCU9 
94F3 
956C 
84U8 
P074 
0C68 
1H3H 
0001 


A2A6 
SERVICE SHEET 


Service 


8-314 


P/O A2A6 ASSEMBLY 


x 
98 
ae 


Figure 8-319. P/O A2A6 Microprocessor/Decoder Component Locations 


Model 8662A 


Service 


Model 8662A 
Pf0 A2A6_ MICROPROCESSOR/DECODE (08662-60236), P/O A2AIO __ = ee 
/. won FUNCTIONING LINE. PIC TRACE 
UNS THROUGH MM G 
Bares ae ne oy PERS, A2ZAI, WaNd ANERBHO a 
Py BACKDATING INFORMATION /N 
6O 16 SECTION Vi 
| | 92768 22DRESS BUS 
4 pe i 7 > REFERENCE DESIGNATIONS 
' 
VALID Al ie +--+ |3,5,8-1 317 
Pevigs : XAZA6A B 


= s > 5,8-11,17 
= 4 >+— G9 3,5,8-10 


' 


Aa H 


H 


KEYCODE OUTPUT 
BOARD 3.4 MICROPROCESSOR/ 
DECODE 
BOARD 


= 
Ug 
! pemux 4 AS H 


I 
1 
! 
! 
1 
1 
! 
: 


5,8-10 


S"£QUAL TO OR MORE NEGATIVE THAN 
2*£QUAL TOOR MORE POSITIVE THAN 


Alo 7 ; TAF) 
i 
All 6 j cB 
' 
Al2 
5 >—€D /8-10 
i 
AL ‘ 
ES 4 S Co 
\ 
i) 
(ji ? 
15. ; 
4 2 t— ve (nore?) 


N 
SA 


INTEGRATED CHREUI7 
PART NUMBERS 


REFERENCE 
DESIGNATIONS 


1820-/2/6 


SM 


> 7 7820 -/203 
(2) 2 1820-759 
> Fa ST 
XA2ZR6A 


pers i ___ GROUND CONNECTIONS 
“ OD 14 RESE RENCE PIN 
ern { DESIGNATIONS| NUMBERS 
2 >+—@D 12,14 
‘ 
LEH 23 ; CD 14 
\ 


“er _\..>' 3) 15 


P/O A2AG MICROPROCESSOR/DECODER ASSEMBLY 
Ul4-/6, 18-20 


CLOCK 2 


6© 


NY 


ws? 


geen 
V = 
wy 
tie 
N 


A 


VIV IZ 


ADDRESS ROM AND RAM Oat, a8 
BUFFERS ADDRESSING 


ow +2 > _® 16 
C23 


24 


REGISTER AND 


MONITOR CLOCKS 
CLOCKS TO 1/0'S moos REGISTER 
PEN GH ADDRESS >>—_ G&D hei hid ea 
t CLOCKS 


ADDRESS 
CLOCK2 


DECODERS 


PERIPHERAL 


CLOCK 4 ENABLE LINES 


6o— +5v ie ; 
-—-@ 


SAB . 
3 >+—@D ) 
PERIPHERAL 


ENABLE 


! 
1 
1 
| 
‘ 
! 
1 
1 
' 
' 
FTE > ED 1 2 INTE GRATED CIRCWT 
10 1 VOLTAGE AND 
| 
| 
| 
1 
| 
| 
| 
| 
1 
1 


sco 28 } { GD 211,17 WA 
ee cha) EN PYOA2ZA6 


Reference designations within outline (— - ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; ¢.g., R1 of Assembly Al is A1R1. Designations of 
other components are complete as shown. 


86624 MICROPROCESSOR /OECOLER 2 /ES5O0A 


Figure 8-321..P/0 A2A6 Microprocessor/Decoder Schematic 
8-315 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


t PRINCIPLES OF OPERATION 
General 


There is one read-only memory (ROM) board in the DCU. The board 
yields 24 kilobytes of permanent memory, enough to contain the 
machine control program. 


ROM Address Decoding 


Memory address lines A0-A10 (pins 7-17) from the microprocessor feed 
directly to ROMs U1-U2. Address lines A11-A14 go to decoders U14, 
U15 and U16. The outputs of the decoders are sent to the individual 
ROMsas select lines. The peripheral read/write (PRW) line enters the 
board at pin 26 and is used to enable and disable U14. U14 in turn 
controls the state of U15 and U16, as well as U17, the data bus buffer. 


Data Bus Buffer 


The data bus buffer is enabled and disabled by a signal from U14. 
When the line goes HI, the buffer is enabled and data flows from the 
selected ROM, through board pins 28-35, and onto the external data 
bus. The clock 3 line (pin 27) provides clocking for the board. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A9 assembly. 
The instructions for using this technique are given below. 


Set-up 
1. Remove all boards from the DCU section except A2A6 and A2A9. 
Place the A2A9 on an extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 
START BUTTON 


STOP BUTTON 
CLOCK BUTTON 


HOLD BUTTON 
SELF-TEST BUTTON 


3. Connect the Signature Analyzer to the microprocessor assembly 


(A2A6) as follows: 
Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 
STOP LEAD TP2 (“ST”) 
CLOCK: LEAD TP1 (“SA, CK”) 
GROUND LEAD TP6 (“GND”) 


SERVICE SHEET 9 (Cont'd) 


4, Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2ZA6TP6. 


5. On A2A6, connect a jumper between A2ZA6TP4 and A2A6TP6. Ifthe 
10 pin shorting connector is plugged into the top of A2A6, remove it. 
This puts the microprocessor board into a FREE RUN mode. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. The Signature Analyzer should indicate “0000” and then 
“0001”. If this does not occur, go back and re-check all connections 
and switch positions as outlined in the preceding setup procedure. 
Also, the UNSTABLE SIGNATURE lamp on the Signature Ana- 
lyzer should be OFF and the GATE lamp should be flashing. 


2. For this test, ignore anything displayed on the front panel of the 
Signal Generator. Any display is meaningless. 


3. No button, switch or connection should be altered in the course of 
taking signatures on the ROM 2 board (A2A9). 


NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceeded by a+ or-— sign. A+ indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge sig- 
nature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


+ PRINCIPLES OF OPERATION 
General 


The CMOS RAM Board is a two kilobyte memory. The memory is 
organized into half-byte chunks; the most significant half-byte 
(MSHB) and the least significant half-byte (LSHB). Examples of 
MSHB RAM devices are U15, U13, U11, and U9. Examples of LSHB 
RAM devices are U16, U14, U12, and U10. It takes a MSHB and a 
LSHB to complete a data pair. For example, U15 and U16 form a data 
pair, as do U14 and U13. 


Read/Write Control and RAM Chip Select 


Signal address lines All through Al4 are decoded to produce the 
read/write control signals for the bi-directional data bus and to 
supply a decode signal to the RAM chip select line. RAM selection is 
implemented by U18 and U20 or U21. 


Address and Bi-Directional Data Bus Buffers 


The address bus buffer, U23, is uni-directional. Address data flows 
onto the board through this buffer. Data bus buffer U22 is bi- 
directional. The direction of the data flowing through the data buffers 
is determined by the peripheral read/write line (PRW). When the 
read/write line is in the write mode, data flows onto the board from 
the external data bus. When the PRW is in the read mode, data flows 
off the board and onto the external data bus. The data bus is con- 
nected to the data bus buffer at board pins 28 through 35. 


RAM Power-Up Detector and Standby Mode Switch 


The power-up detector (delay) circuit is composed of C3, R7, and R8. 
This circuit prevents power from coming up too rapidly on the CMOS 
RAM Board. The standby mode switch formed by Q4, Q5, and Q6 pro- 
vides gain for the power-up delay and power-fail circuitry. The RAM 
power supply enable/disable gate (Q3) is turned ON and OFF by the 
standby mode switch. 


Power-Fail Detection Circuitry 


The RAM power-fail detector is composed of U17 and associated cir- 
cuitry. The power-fail reference circuitry is composed of C2, R4, R5, and 
R9. C2 acts as a noise bypass and the resistors provide a reference 
voltage level of .4.75 volts. Pin 6 of U17 is normally HI. When the 
power fails, pin 6 goes LO (at less than .4.75 volts). 


Q2, Q1, R14 and R15 form the power-fail threshold latch. This latch 
guarantees that the collector of Q1 will be LO as long as the voltage at 
pin 6 of U17 remains below that of the back-up battery pack (which is 
about 4 volts). 


SERVICE SHEET 10 (Cont'd) 


Battery Back-up 


The CMOS RAM power supply enable and battery charging circuit is 
composed of Q3 and R19. The battery is charged through R19; the 
collector of Q3 supplies power to the CMOS RAM as long as VCC is up. 
When the power goes down, Q3 is effectively turned off and the 
back-up batteries take over, keeping the memory intact. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A7 assembly. 
The instructions for using this technique are given below. 


Set-up 


1. Remove all boards from the DCU section except A2A6 and A2A7. 
Place A2A7 on an extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON f. (OUT) 
STOP BUTTON -\_ CN) 


CLOCK BUTTON “\C CN) 
HOLD BUTTON (OUT) 
SELF-TEST BUTTON (OUT) 


8. Connect the Signature Analyzer to the microprocessor assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


STOP LEAD TP2 (“ST”) 
CLOCK LEAD TP1 (“SA, CK”) 
GROUND LEAD TP6 (“GND”) 


4. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2ZA6TP6. 


5. On A2A6, connect ajumper between A2ZA6TP4 and A2A6TP6. If the 
10-pin shorting connector is plugged into the top of A2A6, remove it. 
This puts the microprocessor board into a FREE RUN mode. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push the 
RESET button on the Signature Analyzer probe and then release. 
The Signature Analyzer display should indicate “0000” and then 
“0001”’. If this does not occur, go back and re-check all connections 
and switch positions as outlined in the preceding setup procedure. 
Also, the UNSTABLE SIGNATURE lamp on the Signature Ana- 
lyzer should be off and the GATE lamp should be flashing. 


SERVICE SHEET 10 (Cont'd) 


2. For this test, ignore anything displayed on the front panel of the 
signal generator. Any display is meaningless. 


3. No button, switch or connection should be altered in the course of 
taking signatures on the RAM Board (A2A7). 


NOTE 


In the Signature listings the reference designator for each 
device is followed by a+ or— sign; or each pin number is pre- 
ceded by a+ or-— sign. A + indicates the CLOCK button on 
the Signature Analyzer should be set to take signatures on 
the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge signa- 
ture reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 


* RAM Board (A2A7) Signatures 
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Service Model 8662A 


SERVICE SHEET 11 
A1A1 READOUT ASSEMBLY 


SERVICE SHEET 11 (Cont'd) SERVICE SHEET 11 (Cont'd) 


2. Set the Signature Analyzer pushbutton switches as follows: 


SERVICE SHEET 11 (Cont'd) SERVICE SHEET 11 (Cont’d) 


A1A1 ASSEMBLY 


pulses for the modulation display come from the modulation readout 3. No button, switch or connection should be altered in the course Readout Board (A1A1, Test 4) Signatures 


TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The front panel Readout Board contains the frequency, modulation level, amplitude level, 
and annunciator readouts. The displays (as well as the single lamp indicators) are driven from 
the data bus. Each individual numeric readout has its own integral storage latch and BCD 
decoder. Information is systematically taken off the bus, latched, and displayed. A software 
control program stored in ROM assures that information is properly formatted. 


Data Bus Buffer 


Data from the data bus enters the Readout Board through data bus buffer U25, providing 
information for the numeric readouts. Data enters the board as an 8-bit byte and is directed to 
a pair of readouts in the form of two 4-bit BCD digits. This BCD data is stored in the internal 
latches of the readouts for subsequent decoding and display. Data from the data bus also 
control the 16 individual incandescent annunciator lamps. 


Frequency Readouts 


There are eleven digits in the front panel frequency readout, allowing display of all fre 
quencies, in 0.1 Hz steps, to the upper capability of 1.280 GHz. The digits are tied to the bus in 
groups of two(starting from the right), for a total of 54 digit pairs. Within each grouping of two 
digits, the one on the right is controlled by the four least significant bits (LSB) of the 8-bit data 
bus; the one on the left is controlled by the four most significant bits (MSB). An example of a 
pair of frequency digits is U12 and U13. U3 is the only digit which is not paired; it stands alone. 
The least significant bits (LSB) of the data bus feed BCD information to this digit. 


Frequency Display Latching 


As the 8-bit BCD display information is placed on the data bus by the microprocessor, signals 
are generated which cause the data to be latched into the appropriate pair of digits. These 
latch signals come from U19, a 1-of-8 decoder. A 3-bit code is input to U19 through pins 9, 22, 
and 24 from the microprocessor. The output line which is stimulated (1-of-8) depends on the 
binary value of this 3-bit code. For instance, if a binary 4 (100) is presented at the input, output 
line #4 (pin 12) of U19 will go LO. By successively placing BCD information on the data bus 
and supplying address information to U19, all digits of the frequency display are latched 
and displayed. Latching progresses from the least significant digit to the most significant 
digit. U19 also provides latching pulses to the three digits of the level display. This display 
is supplied with the proper clock and readout select enable signals via readout board pins 
11, 12, and 25. 


Modulation and Level (Amplitude) Readouts 


The BCD information for driving the modulation and level digits is taken from the 8-bit data 
bus in the same manner as the frequency display data. Latching for the level digits also comes 
from U19, except for the most significant + 1 digit (which will be discussed later). Latching 


clock on the microprocessor board. Modulation readout clock lines 
enter the Readout Board via pins 13 and 26. Signals on the mod 10 line 
latch the two least significant digits, while the mod 32 line latches the 
most significant digit of the modulation display. 


Lamp Registers 


Latches U2 and U15 latch information from the data bus for use in 
driving the 16 incandescent lamps (DS3-DS18). These lamps are used 
behind the display window for nomenclature illumination. The outputs 
of U2 and U15 are connected to buffer/drivers U1 and U5. These lamp 
drivers deliver 90 mA to each lamp. Latching is controlled by signals 
from demultiplexor U20. The same address lines which drive U19 also 
drive U20. The register-select enable line enters the Readout Board via 
pin 10. U2, U15, and U26 are enabled by the peripheral read/write 
(PRW) line which enters the board via pin 23. 


Readout and Decimal Point Register 


Readout register U26 is also tied to the data bus. Its clock is derived 
from demultiplexor U20. U20 performs several tasks, however its 
primary function is control of readout display U21, which is the + 1 
indicator in the amplitude display. The latch drives this device directly 
without clocking. Resistors R2-R5 limit current to the LEDs within 
U21. The two front panel HP-IB indicators (labeled “address” and 
“remote’’) are controlled by U26. Signals from pins 6, 9, and 15 of U26 
control decimal points. The right and left frequency display decimal 
points are controlled by signals from pins 6 and 9. Pin 15 of U26 
controls the right decimal point inputs of the modulation and 
amplitude pairs. 


A decimal point is latched when the pair of digits to which it 
corresponds are clocked. Placement of the decimal point is controlled 
by software. The program is written so that when a decimal point is 
desired on the left of a display pair, the left decimal point line is 
enabled, and when it is desired on the right, the right decimal point line 
is enabled. Once a line is enabled, BCD display information is put on 
the data bus and the appropriate pair of digits, and the corresponding 
decimal point, is latched. The decimal point lines must be cleared 
before the other digits can be latched. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A1A1 assembly. 
The instructions for using this technique are given below. 


Set-up 
1. Remove all boards from the DCU section except A2A6. 


START BUTTON 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 


3. Connect the Signature Analyzer to the microprocessor assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


STOP LEAD TP2 (“ST”) 


CLOCK LEAD 
GROUND LEAD 


TP1 (“SA, CK”) 
TP6 (“GND”) 


4. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2A6TP6. 


5. Plug the 10-pin shorting connector at the top of A2A6. Connect a 
jumper between A2A6TP4 and A2A6TP6. Two different diagnostic 
routines are required to take a complete set of signatures of the 
readout board. These routines are selected by switching A2A6U5 
(diagnostic routine select switch) to position 3 or position 4. Position 
4 tests the digit displays; position 3 allows for checking of the 
annunciators, the +1 indicator, and HP-IB lamps. 


6. Remove the screws (located at the top and bottom front of the 
Signal Generator) and pull the front panel forward and down. The 
back side of the front panel Readout Board is now exposed and 
signatures can be easily taken. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. When A2A6U5 (diagnostic routine select switch) is set to 
position 3, the Signature Analyzer display should indicate “0000” 
and then “6F90”. When A2A6U5 is set to position 4, the Signature 
Analyzer display should indicate “0000” and then “PP02”. If this 
does not occur, go back and re-check all connections and switch 
positions as outlined in the preceding setup procedure. Also, the 
UNSTABLE SIGNATURE lamp on the Signature Analzyer should 
be OFF and the GATE lamp should be flashing. 


2. For signature test 3, all annunciators should be glowing dimly. The 


+1 digit (left-hand side of the amplitude display) and HP-IB indi- 
cator lamps (2) should be on. Any other digit display is meaningless. 
For signature test 4, all front panel digit displays (except +1 and the 
decimal points) should show flashing 0’s. If the flashing 0’s don’t 
appear, a malfunction exists. 


of taking signatures on the Readout Board (A1A1). 
NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceded by a+ or— sign. A + indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge 
signature reading (CLOCK button IN). 


In the Signature listings, some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 


Readout Board (A1A1, Test 3) Signatures 
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Figure 8-331. A1A1 Readout Board Component Locations 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The Frequency Output Board latches and stores frequency and range 
select data. Frequency and range select data from the data bus is 
loaded serially into each shift register. When all shift registers are full, 
they are simultaneously unloaded in response to a pulse on the register 
clock signal line. Simultaneous clocking of this BCD information 
ensures that all of the phase lock loop circuits change status at the 
same instant. This cuts conversion time and minimizes spurious 
signals which occur during frequency and level shifts. 


The Frequency Output Board is found on service sheets 20 and 21. 
Service sheet 20 contains all of the data bus input shift registers, the 
monitor select control and three frequency registers and their asso- 
ciated output monitors. Service sheet 21 contains the range select 
control circuitry, the BCD to binary converter and two frequency 
registers (and their associated monitors). 


Shift Registers (D@ through D7) 


Information from the data bus enters the board via pins 9 through 16 
and is loaded serially into the eight 6-bit shift registers (D0-D7). Each of 
these eight shift registers is associated with one bit of the 8-bit byte on 
the data bus. Common to the shift registers is a clock line at pin 17 
(BREE). During operation, data is put on the data bus and the BREE 
line is pulsed LO within a half period of the system clock. Each LO to 
HI transition clocks one bit of information from the data bus into the 
shift registers. 


A succession of six bytes of information from the data bus is clocked 
into the shift registers. Consequently, the information moves through 
each shift register from D-F, through D-E, D-D, D-C, and D-B to D-A. 
The range information is the last byte to be clocked into the shift 
registers and occupies the D-A outputs. All of the D-A outputs (from 
shift registers DO through D7) are sent to range register U16. The D-B 
outputs are sent to U18, the D-C outputs to U20, and so on through the 
D-F outputs, which go to U17. 


Range and Frequency Registers (A, E, and F) 


Three of the six 8-bit storage latches on the Frequency Output 
Assembly are found on service sheet 12. They are U16, U17, and U18. 
Information from the shift registers is clocked into these storage 
latches by the register clock signal at pin 6. This clock is common to 
every latch and ensures that all the phase lock loops in the instrument 
are reprogrammed at the same instant. 


Monitors 


U7, U8, and U9 are the monitor buffers. The inputs to these monitors 
come from the outputs of latches U16, U17, and U18; the monitor 


SERVICE SHEET 12 (Cont'd) 


outputs are tied together at the data bus. U1, an 8-bit latch, selects one 
of the monitors, which in turn re-routes the output of its corresponding 
latch back to the microprocessor for self-check purposes. 


Let’s assume that monitor U7 (which has inputs for the 0.1 Hz and 
1.0 Hz digits) is enabled to read information onto the data bus. Under 
program control, this information is compared to the information that 
was originally sent out to Frequency Register A (U16). The information 
should always compare. Should the program find that there is a dif- 
ference, then a malfunction has occurred and the program will cause 
the front panel STATUS light to flash, indicating that a problem exists. 


Monitor Select Latch 


The 8-bit latch (U1) is used as a select device. Itis controlled by software 
in the following manner. When the monitor routine is running, latch 
U1 enables one of the monitor devices. The software program then 
causes the chosen monitor to latch information from its respective 
register when the clock at pin 17 pulses LO. All of the monitor buffers 
are clocked, but only the enabled monitor will respond by latching data 
and putting it onto the data bus. Once the information is on the bus, it 
can be read by the microprocessor. 


When the comparison sequence is complete, the program controlling 
the monitoring routine concludes by putting the U1 latch back into the 
non-select mode. That is, all ofits monitors are put in a HI state again 
so that they are not selected. If the monitor select latch is left in the 
select mode it will interfere with any other device that writes onto 
the data bus. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A4 assembly. 
The instructions for using this technique are given below. 


Set-up 


1. Remove all boards except A2A6 and A2A4. Place A2A4 on an 
extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON _/S (OUT) 

STOP BUTTON “\_ dN) 

Positive edge ( A ) or negative 
edge (\) depending on device 
being tested* 


CLOCK BUTTON 


HOLD BUTTON (OUT) 
SELF-TEST BUTTON (OUT) 
*Explicit instructions for the position of the clock button will be provided 


in the table of signatures next to the reference designator of the device 
being tested. 


3. Connect the Signature Analyzer to the microprocessor assembly 
(A2A6) as follows: 
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Signature Analyzer 


START LEAD TP2 (“ST”) 
STOP LEAD TP2 (“ST”) 
CLOCK LEAD TP1 (“SA, CK”) 
GROUND LEAD TP6 (“GND”) 


A2A6 Assembly 


4. Connect a ground lead between the ground pin (near the tip of 
the Signature Analyzer probe) and A2ZA6TP6. 


5. Plug the 10-pin shorting connector at the top of A2A6. Connect a 
jumper between A2A6TP4 and A2A6TP6 and set A2A6U5 (diag- 
nostic routine select switch) to position 4. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analzyer probe and then 
release. The Signature Analyzer display should indicate “0000” 
and then “PP02”. If this does not occur, go back and re-check all 
connections and switch positions as outlined in the preceding setup 
procedure. Also, the UNSTABLE SIGNATURE lamp on the Sig- 
nature Analyzer should be OFF and the GATE lamp should be 
flashing. 


2. For this test, all front panel digit displays (except the +1 digit and 
decimal points) should show flashing 0’s. If the flashing 0’s don’t 
appear, a malfunction exists. 


3. Except for the clock button on the Signature Analyzer, no other 
button, switch, or connection should be altered in the course of 
taking signatures on the Frequency Output Board (A2A4). 


NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceded by a+ or— sign. A + indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge 
signature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The Frequency Output Assembly latches and stores frequency data for 
the signal generating (mainframe) circuits. This assembly is shown on 
service sheets 12 and 13. Contained on this service sheet are the BCD to 
binary converters and three of the frequency registers (and their 
respective monitors). 


Latching Resistors 


Of the six 8-bit storage latches used on the Frequency Output 
Assembly, three are found on service sheet 13. These are U2, U4, and 
U20. Information from the shift registers is clocked into these latches 
by the register clock signal at pin 6. This clock is common to every latch 
and is used to clock the frequency information so that all of the phase 
lock loops in the instrument are reprogrammed at the same moment. 


BCD-to-Binary Converters 


The information which is output from service sheet 13 is only used for 
control of frequencies within the range of 320 MHz to 640 MHz; the 
range information (output from service sheet 12) is used for generating 
frequencies outside of this band. The frequency data taken off the data 
bus is stored in the register latches in the form of BCD digits. These 
digits span from the 0.1 Hz digit to the 100 MHz digit. The BCD infor- 
mation for the 1 MHz and 10 MHz digits, which comes from U2 and U4, 
goes to U3 and U19, the BCD-to-binary converters. The outputs of 
these converters are combined to produce lines which control circuits 
corresponding to the 1 MHz and 10 MHz digits. These lines are labeled 
DB7 (2, 4, 8) and DB8 (1, 2, 4). 


Monitors 


U10, U11, and U12 are the monitor buffers. The inputs to these buffers 
come from latches U2, U3, U4, U19, and U20. All monitor outputs are 
tied to the data bus. The monitors re-route the outputs of the frequency 
registers to the microprocessor so that the status of the output line can 
be determined. Under program control, information that is fed backis 
compared to the information originally sent out to the Frequency 
Output Board. Both should always compare. If a difference is detected, 
then a malfunction is indicated by the front panel STATUS light. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A4 assembly. 
The instructions for using this technique are given below. 


Set-up 

1. Remove all boards except A2A6 and A2A4. Place A2A4 on an 
extender. 

2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON JS (ovT) 

STOP BUTTON “\ LAN) 
Positive edge ( a ) or negative 
edge C\); depending on device 
being tested* 


CLOCK BUTTON 


HOLD BUTTON (OUT) 
SELF-TEST BUTTON (OUT) 


*Explicit instructions for the position of the clock button will be provided 
in the table of signatures next to the reference designator of the device 
being tested. 


3. Connect the Signature Analyzer to the microprocessor assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


STOP LEAD TP2 (“ST”) 


CLOCK LEAD TP1 (“SA, CK”) 
GROUND LEAD TP6 (“GND”) 


4. Connect a ground lead between the ground pin (near the tip of the 
signature analyzer probe) and A2ZA6TP6. 


5. Plug the 10-pin shorting connector at the top of A2A6. Connect a 
jumper between A2A6TP4 and A2A6TP6 and set A2A6U5 (diag- 
nostic routine select switch) to position 4. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push the 
RESET button on the Signature Analyzer probe and then release. 
The Signature Analyzer display should indicate “0000” and then 
“PP02”. If this does not occur, go back and re-check all connections 
and switch positions as outlined in the preceding setup procedure. 
Also, the UNSTABLE SIGNATURE lamp on the Signature Ana- 
lyzer should be OFF and the GATE lamp should be flashing. 


2. For this test, all front panel digit displays (except the +1 digit and 
decimal points) should show flashing 0’s. If the flashing 0’s don’t 
appear, a malfunction exists. 


3. Except for the clock button on the Signature Analyzer, no other 
button, switch, or connection should be altered in the course of 
taking signatures on the Frequency Output Board (A2A4). 


NOTE 
In the Signature listings the reference designator for each 


device is followed by a+ or — sign; or each pin number is 
preceded by a+ or-— sign. A+ indicates the CLOCK button 


on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge sig- 
nature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


Data for control of RF amplitude and modulation (both AM and FM) is 
latched on the Level/Modulation Board. Signals from this board 
control the output attenuator drive, RF level, amplitude modulation 
(AM), and FM/CW select. The monitors allow the microprocessor to 
perform self-checks. 


This board is shown on service sheets 14 and 15. This service sheet 
contains the RF level circuitry. 


Data Bus Buffer and Latching Registers 


Data from the data bus enters the Level/Modulation Board via U8, an 
eight channel buffer. This buffer feeds latching registers U1 through 
U4. Latches U2, U3, and U4 are part of the RF level circuitry. The 
latches are clocked by inputs at pins A20, A21, and A22. 


Monitors 


At the outputs of the register latches U2, U3, and U4 are monitor cir- 
cuits U9, U10, and U11. Eight-bit latch (U1) is used to select one of the 
monitors. The function of these monitors is to reroute the output of the 
latches back to the microprocessor for self-check purposes. 


Let’s say monitor U10 is enabled to read information from level register 
U3 and place this information on the data bus. The microprocessor will 
compare this new information to that originally sent to U3. The two 
should always match. If the microprocessor finds there is a difference, 
then a malfunction has occurred and the program will cause the front 
panel STATUS light to flash. A code will be generated, visible on the 
readout on demand, which will indicate the faulty register. 


Attenuator Relay Drivers 


Latch U2 drives a series of PNP transistors which in turn drive the 
mechanical attenuators at the RF output. The collector outputs of the 
transistors are clamped to ground with diodes in order to remove 
negative transients generated when the relays are shut off. The 10 kN 
resistors (R9 through R11 and R17 through R19) enable testing of the 
board when the attenuators are not being driven. 


SERVICE SHEET 14 (Contd) 
TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A3 assembly. 
The instructions for using this technique are given below. 


Set-up 


1. Remove all boards from the DCU section except A2A6 and 
A2A3. Place A2A3 on an extender. 


2. Disconnect the attenuator relay drive cable (P4; service sheet 
14) from the DCU Motherboard assembly at J9. 


3. Set the Signature Analyzer pushbutton as follows: 


START BUTTON 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 


4. Connect the Signature Analyzer to the Microprocessor assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


STOP LEAD TP2 (“ST”) 


CLOCK LEAD TP1 (“CA, CK”) 
GROUND LEAD TP6 (“GND”) 


5. Connect a ground lead between the ground pin (near the tip of 
the Signature Analyzer probe) and A2ZA6TP6. 


6. Plug the 10-pin shorting connector at the top of A2A6. Connect a 
jumper between A2ZA6TP4 and A2A6TP6 and set A2A6U5 (diag- 
nostic routine select switch) to position 4. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. The Signature Analyzer display should indicate “0000” and 
then “PP02”. If this does not occur, go back and re-check all con- 
nections and switch positions as outlined in the preceding setup 
procedure. Also, the UNSTABLE SIGNATURE lamp on the Signa- 
ture Analyzer should be OFF and the GATE lamp should be 
flashing. 


2. For this test, all front panel digit displays (except the +1 digit and 
decimal points) should show flashing 0’s. If the flashing 0’s don’t 
appear, a malfunction exists. 


3. No button, switch or connection should be altered in the course 


of taking signatures on the Modulation/Level Board (A2A3). 
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NOTE 


In the Signature listings the reference designator for each 
device is followed by a + or — sign; or each pin number is 
preceded by a+ or — sign. A + indicates the CLOCK button 
on the Signature Analyzer should be set to take signatures 
on the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A-— indicates a negative or trailing edge signa- 
ture reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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Figure 8-341. P/O A2A3 Level/Modulation Output Block Diagrams 
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Reference designations within outline (— —- ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 
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Figure 8-342. P/O A2A3 Level/Modulation Output Schematic 
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SERVICE SHEET 15 
P/O A2A3 LEVEL/MODULATION OUTPUT ASSEMBLY 


TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


Data for control of RF amplitude and modulation (both AM and FM) is 
latched on the Level/Modulation Board. Signals from this board 
control the output attenuator drive, RF level, amplitude modulation 
(AM), and FM/CW select. The monitors allow the microprocessor to 
perform self-checks. 


The Level/Modulation Board has been broken down into two service 
sheets, 14 and 15. Service sheet 14 contains the RF level circuitry, and 
service sheet 15 contains the level/modulation circuitry. 


Modulation Control Latching Registers 


Data from data bus buffer U8 (service sheet 14) enters latching 
registers U5, U6, and U7 (all found on service sheet 15). These latches 
are part of the modulation control circuitry. The program places 
information on the data bus and one of the registers is then stimulated 
to latch this information. From here the data is sent directly to the 
modulation section. 


Monitors 


At the outputs of modulation control registers U5, U6, and U7 are the 
monitor circuits formed by U12, U13, and U14. One monitor at a time is 
selected by U1, an eight-bit latch (service sheet 14). The monitors 
re-route the outputs of the latches back to the microprocessor for self- 
check purposes. 


Let’s say that U14 has been enabled to read data from modulation 
register U7 and place this information onto the data bus. The micro- 
processor compares this data to the data originally sent to U7. This 
information should always match. Should the program find a dif- 
ference, then a malfunction has occurred and the program will cause 
the front panel STATUS light to indicate that an error exists. A code 
will be generated, visible on the readout on demand, which will 
indicate the faulty register. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A3 assembly. The 
instructions for using this technique are given below. 


Set-up 
1. Remove all boards from the DCU section except A2A6 and A2A3. 
Place A2A3 on an extender. 


2. Disconnect the attenuator relay drive cable (P4; service sheet 14) 
from the DCU Motherboard assembly at J9. 


SERVICE SHEET 15 (Cont'd) 


3. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON 
STOP BUTTON 
CLOCK BUTTON 


HOLD BUTTON 
SELF-TEST BUTTON 


4. Connect the Signature Analyzer to the Microprocessor assembly 
(A2A6) as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 

TP2 (“ST”) 

TP1 (“CA, CK”) 
TP6 (“GND”) 


STOP LEAD 
CLOCK LEAD 
GROUND LEAD 


5. Connect a ground lead between the ground pin (near the tip of the 
Signature Analyzer probe) and A2A6TP6. 


6. Plug the 10-pin shorting connector at the top of A2A6. Connect a 
jumper between A2A6TP4 and A2A6TP6 and set A2A6U5 (diag- 
nostic routine select switch) to position 4. 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch 
the Signature Analyzer probe to any convenient +5 Vdc pin, push 
the RESET button on the Signature Analyzer probe and then 
release. The Signature Analyzer should display “0000” and then 
“PP02”. Ifthis does not occur, go back and re-check all connections 
and switch positions as outlined in the preceding setup procedure. 
Also, the UNSTABLE SIGNATURE lamp on the Signature 
Analyzer should be OFF and the GATE lamp should be flashing. 


2. For this test, all front panel digit displays (except the +1 digit and 
decimal points) should show flashing 0’s. If the flashing 0’s don’t 
appear, a malfunction exists. 


3. No button, switch or connection should be altered in the course of 
taking signatures on the Modulation/Level Board (A2A3). 


NOTE 


In the Signature listings the reference designator for each 
device is followed by a+ or— sign; or each pin number is pre- 
ceded by a+ or— sign. A + indicates the CLOCK button on 
the Signature Analyzer should be set to take signatures on 
the positive edge of the reference CLOCK pulse (CLOCK 
button OUT). A — indicates a negative or trailing edge signa- 
ture reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line 
(----) substituted for the signature. The dash line indicates 
there is no valid Signature for that pin. 
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Figure 8-343. P/O A2A3 Level/Modulation Output Component Locations 
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SERVICE SHEET 16 
P/O A2A2 SWEEP D/A ASSEMBLY 


TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The Sweep D/A Assembly is shown on service sheets 16 and 17. The circuitry 
found on this service sheet generates the horizontal (X-axis) sweep-ramp signal, 
the Z-axis intensity marker, and the triangular marker. 


D/A Sweep Ramp Generator 


The sweep-ramp is controlled by the microprocessor by way of the data bus. A 
high-order byte and a low-order byte are clocked into sweep latches U14 and 
U11 by the DAH (D/A high byte) and DAL (D/A low byte) lines which come 
from data bus buffer U17 (service sheet 17). The MOS D/A converter (U7) then 
drives op-amp U2 to output a high resolution staircase sweep-ramp. 


Frequency Blanking One-Shot 


The frequency blanking one-shot (U1) is controlled by the frequency latch 
enable(FLE) line which enters the board at pin 26. This one-shot overrides any 
sweep marker enable(SME) pulses which come into U3 and its associated cir- 
cuitry via pin 13. During a frequency change, a blanking pulse of +5 volts 
occurs at pin 27, regardless of sweep markers (see diagram below). 


FLE 


FLE —a - - vw ©  — 


+5 VOLTS 
~ 250 ns 
(BLANKING 
ONE-SHOT 
PERIOD) 


Z-AXIS 
INTENSITY 
PULSE 


VARIABLE (TERMINATED 
BY NEXT FLE CLOCK) 


Z-Axis Blanking/Marker at Pin 27 of Sweep Board 


Z-Axis Intensity Marker 


The Z-axis intensity marker pulse (0 to —5 volts) is adjustable as the shaded 
area in the diagram indicates. The negative going pulse is created after the 
FLE line goes HI (the FLE line always overrides the SME line at the pin 27 
output). After the FLE line goes HI and the frequency blanking one-shot’s 
pulse drops, the SME line drives the output negative until the next falling edge 
of FLE occurs. 


Triangular Marker Output 


The marker output is controlled by the FLE and the SME lines. These lines are 
latched by U5A and USD. When the SME line goes HI, FET Q5 is turned on 
and a5 kHz pulse from the Keycode Board is gated into op-amp U6. This gen- 
erates a triangular tone burst at pin 31. A tone burst is generated for each 
marker location stored in RAM. 


SERVICE SHEET 16 (Cont'd) 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A2 assembly. The 
instructions for using this technique are given below. 


Set-up 


1. Remove all boards from the DCU section except A2A6 and A2A2. Place 
A2A2 on an extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 


3. Connect the Signature Analyzer to the microprocessor assembly (A2A6) 
as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


STOP LEAD TP2 (“ST”) 
CLOCK LEAD TP1 (“SA, CK”) 
GROUND LEAD TP6 (“GND”) 


4. Connect a ground lead between the ground pin (near the tip of theSignature 
Analyzer probe) and A2ZA6TP6. 


5. Plug the 10-pin shorting connector at the top of A2A6. Connect a jumper 
between A2A6TP4 and A2A6TP6 and set A2A6U5 (diagnostic routine 
select switch) to position 3 (between 2 and 4). 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch theSigna- 
ture Analyzer probe to any convenient +5 Vdc pin, push the RESET button 
on the Signature Analyzer probe and then release. The Signature Analyzer 
display should indicate “0000” and then “6F90”’. If this does not occur, go 
back and re-check all connections and switch positions as outlined in the 
preceding setup procedure. Also, the UNSTABLE SIGNATURE lamp on 
the Signature Analyzer should be OFF and the GATE lamp should be 
flashing. 


2. For this test, all annunciators should be glowing dimly. The +1 digit 
(left-hand side of the amplitude display) and HP-IB indicator lamps (2) 
should be on. Any other digit display is meaningless. 


3. No button, switch or connection should be altered in the course of taking 
signatures on the Sweep Board (A2A2). 
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NOTE 

In the Signature listings the reference designator for each device is 
followed by a + or — sign; or each pin number is preceded by a 
+or-—sign. A+indicates the CLOCK button on the Signature Ana- 
lyzer should be set to take signatures on the positive edge of the 
reference CLOCK pulse (CLOCK button OUT). A — indicates a neg- 
ative or trailing edge signature reading (CLOCK button IN). 

In the Signature listings some devices have a dashed line (----) 
substituted for the signature. The dash line indicates there is no 
valid Signature for that pin. 
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Figure 8-346. P/O A2A2 Sweep Board Component Locations 
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Figure 8-347. P/O A2A2 Sweep Board Block Diagrams 
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SERVICE SHEET 17 
P/O A2A2 SWEEP D/A ASSEMBLY 


TROUBLESHOOTING HELP 
Block Diagram B 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The Sweep D/A Assembly is shown on service sheets 16 and 17. The circuitry 
found on this service sheet contains the front panel LED indicator select lines 
and the status LED flash generator. This part of the assembly outputs the 
enable signal to the rotary pulse generator (RPG) and the auxiliary X-Y plotter. 
The outputs include the reverse-power-reset pulse and sweep clock select 
signal. 


LED Indicator Select and LED Register Circuitry 


Data from the microprocessor is buffered by U17 and latched by LED register 
latches U9, U12, U13, U15, and U16. Address bits A@, Al, and A2 at U10 
determine the register to which the data is sent. U10 clocks the register speci- 
fied by the data on the address lines and latches the data. U10 has no control 
over U11 or U14 (service sheet 16), although these D/A registers do obtain data 
from data bus buffer U17. 

There are forty registers (latches) on this assembly. Twenty-nine of them store 
information used to control the key LEDs on the front panel keyboard. Of the 


remaining eleven latches, six are used for control functions, four are NOT 
connected, and oneis used for activation of the STATUS LED flash generator. 


STATUS LED Generator 


The STATUS LED flash generator, composed of U4 and associated timing 
components R6, C10, R7 and C11, oscillates as long as pin 16 on U13is LO. The 
period of this oscillator is approximately one second, with a 50% duty cycle. 
Register U13 produces either a steady-state or flashing signal which is output 
at OR gate U8D. This output is sent to the front panel STATUS LED. 


TROUBLESHOOTING 


Signature Analysis can be used to troubleshoot the A2A2 assembly. The 
instructions for using this technique are given below. 


Set-up 
1. Remove all boards from the DCU section except A2A6 and A2A2. Place 
A2A2 on an extender. 


2. Set the Signature Analyzer pushbutton switches as follows: 


START BUTTON JS (OUT) 
STOP BUTTON 


CLOCK BUTTON 
HOLD BUTTON 
SELF-TEST BUTTON 


SERVICE SHEET 17 (Cont'd) 


3. Connect the Signature Analyzer to the microprocessor assembly (A2A6) 
as follows: 


Signature Analyzer A2A6 Assembly 


START LEAD TP2 (“ST”) 


( 

STOP LEAD TP2 (“ST”) 
CLOCK LEAD TP1 (“SA, CK”) 
GROUND LEAD TP6 (“GND”) 


4. Connect a ground lead between the ground pin (near the tip of the Signature 
Analyzer probe) and A2ZA6TP6. 


5. Plug the 10-pin shorting connector at the top of A2A6. Connect a jumper 
between A2A6TP4 and A2A6TP6 and set A2A6U5 (diagnostic routine 
select switch) to position 3 (between 2 and 4). 


Pretest Procedure 


1. Turn on the Signal Generator and the Signature Analyzer. Touch the Signa- 
ture Analyzer probe to any convenient +5 Vdc pin, push the RESET button 
on the Signature Analyzer probe and then release. The Signature Analyzer 
display should indicate “0000” and then “6F90”. If this does not occur, go 
back and re-check all connections and switch positions as outlined in the 
preceding setup procedure. Also, the UNSTABLE SIGNATURE lamp on 
the Signature Analyzer should be OFF and the GATE lamp should be 
flashing. 


2. For this test, all annunciators should be glowing dimly. The +1 digit 
(left-hand side of the amplitude display) and HP-IB indicator lamps (2) 
should be on. Any other digit display is meaningless. 


3. No button, switch or connection should be altered in the course of taking 
signatures on the Sweep Board (A2A2). 


NOTE 


In the Signature listings the reference designator for each device is 
followed by a + or — sign; or each pin number is preceded by a 
+or-— sign. A+ indicates the CLOCK button on the Signature Ana- 
lyzer should be set to take signatures on the positive edge of the 
reference CLOCK pulse (CLOCK button OUT). A— indicates a neg- 
ative or trailing edge signature reading (CLOCK button IN). 


In the Signature listings some devices have a dashed line (----) 
substituted for the signature. The dash line indicates there is no 
valid Signature for that pin. 
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Reference designations within outline (— — ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly Al is A1R1. Designations of 
other components are complete as shown. 
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PRINCIPLES OF OPERATION 
General 


The Reference Buffer amplifies and distributes the 
reference source signal to the rest of the instrument. 
The reference source can be the internal 10 MHz 
Reference Oscillator (A8A8) or an external fre- 
quency standard of 5 or 10 MHz. The outputs from 
the Reference Buffer are always 10 MHz, even when 
an external frequency standard of 5 MHzis selected. 
The internal reference oscillator is a high stability, 
temperature controlled, 10 MHz quartz oscillator. 


Doubler Circuit 


When an external frequency standard of 5 MHz is 
used, the 5 MHz signal is passed through a fre- 
quency doubler circuit. The doubler circuit is a 
full-wave rectifier, consisting of a center-tapped 
transformer (T1) and two Schottky diodes (CR1 and 
CR2). Following the doubler circuit is a 10 MHz 
bandpass amplifier which minimizes the feed 
through of the fundamental frequency (5 MHz). 


Power Splitters 


Transformers T2 through T9 and associated cir- 
cuitry form a five-way power splitter. The 10 MHz 


Service 


input signal is applied to the primary of transformer 
T2. The resistors across the secondary windings of 
T4, T7, T8, and T9 provide a 50 ohm impedance 
match and also increase isolation between the five 
output ports. 


No Reference Detector 


The No Reference Detector monitors the output of Q2 
to check for the presence of the 10 MHz signal. As 
long as the 10 MHz reference signal is present, capa- 
citor C17 remains charged. In the absence of the 10 
MHz signal due to the loss of the reference source 
(internal or external) or a circuit malfunction, C17 
starts discharging. When the voltage across C17 
falls below the comparator’s reference (at its in- 
verting input) the comparator goes low, signaling 
the DCU that no signal is present at the output of Q2. 


Oven Status Detector 


The Oven Status Detector detects whether or not the 
internal oscillator’s oven temperature has stabi- 
lized. From a cold start, that is, the instrument has 
not been plugged into the Main (line) voltage, the 
voltage at the oven monitor terminal (A8A3 pin 11) is 
high. This causes the comparator’s output to go low, 
which signals the DCU that the oven temperature 
has not heat stabilized. As the oven temperature 
stabilizes the voltage at the oven monitor terminal 
drops. It takes approximately 15 minutes for the 
oven temperature to heat stabilize after the line cord 
has been plugged in. Power is still supplied to the 
oven (via A8A3 pin 14) when the LINE switch is in 
the STANDBY position. From a cold start, the oscil- 
lator should be within one hertz of its final value 
after 10 minutes. 
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Table 5-2. Post-Repair Adjustment Procedures A6A1 ASSEMBLY 
PRINCIPLES OF OPERATION ae 
General 


The LF Multiplier (A6A1) provides output signals at 10 MHz, 20 MHz, 
40 MHz, 80 MHz, and 160 MHz. The LF Multiplier takes the 10 MHz 
signal from the Reference Buffer (A8A4) and by the use of frequency 
doubler and divider circuits it generates the other desired frequencies. 
Since all the output signals are derived from the 10 MHz Reference 
Buffer signals, they all retain the same accuracy and stability as the 
reference source signal. 


Four frequency doubler circuits are cascaded in order to multiply the 10 
MHz input up to 160 MHz. The other output signals are obtained by 
tapping various points in the doubler chain. The Doubler circuits are 
basically full-wave rectifier circuits, consisting of a center-tapped 
transformer and two Schottky diodes. 


Following each Doubler circuit are Band-Pass Amplifiers which are 
tuned to the doubled frequency. This minimizes the feed through of the 
fundamental frequency and eliminates unwanted harmonics. 

The 40 MHz Filter, FL1, is a narrow band crystal filter. This filter 


contributes significantly to the Signal Generator’s single-sideband 
phase noise performance. 
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AGA! 


blies are abbreviated. Full designation includes Assembly 


Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 


Figure 8-406. AGA1 Reference Section LF Multiplier Schematic 
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A6A3 HF MULTIPLIER ASSEMBLY 


TROUBLESHOOTING HELP 
Block Diagram C 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The HF Multiplier (A6A3) generates four separate output signals from 
its two input signals. Three of the output signals are fixed in frequency, 
while the fourth output varies from 320 to 640 MHz in 20 MHz steps. 


The two 120 MHz output signals, the LO Drive Reference A and the FM 
Loop Mixer LO, are generated by multiplying, heterodyning, and 
dividing the 160 MHz input signal, the HF Multiplier Reference (B). 
The 160 MHz input signal is first passed through a 160 MHz Band- 
Pass Filter. The 160 MHz filter, FL1, is a narrow band crystal filter. 
This filter contributes significantly to the Signal Generator’s single- 
sideband phase noise performance. After the 160 MHz Band-Pass 
Filter, the signal path splits into two paths. One signal path goes to the 
LO port of Mixer U10, and the other goes to the 160 MHz Band-Pass 
Amplifier and Doubler circuit. The Doubler is a full-wave rectifier 
circuit, consisting of a center-tapped transformer and two Schottky 
diodes. The 320 MHz Band-Pass Amplifier amplifies the doubled fre- 
quency while attenuating the fundamental and the undesired higher 
harmonics. Limiter U7 provides a constant signal level to the RF port 
of Mixer U10. Mixer U10 heterodynes the 320 MHz signal with the 160 
MHzinput signal and the resulting sum, 480 MHz, is then amplified by 
the 480 MHz Band-Pass Amplifier. The 480 MHz Band-Pass Amplifier 
and the 480 MHz Band-Pass Filter attenuate the residual LO and RF 
signals and the undesired difference signal. The 480 MHz signal is 
divided by counter U9, to obtain the 120 MHz output signal. U9 is an 
ECL device and has complimentary outputs. The two 120 MHz output 
signals from U9 are then amplified by the 120 MHz Band-Pass Ampli- 
fiers which remove the unwanted harmonics from the 120 MHz square 
wave outputs. 


The 520 MHz output signal is generated by doubling the 320 MHz 
signal from the collector of Q 5 and heterodyning the doubled signal 
(640 MHz) with the 120 MHz signal from U9. Mixer U1 is a double 
balanced mixer. The 520 MHz Switch and Band-Pass Amplifier can be 
turned off by cutting off the emitter current to Q1. The amplifier is 
tuned to amplify the difference signal and filter the sum signal and the 
residual input signals (LO and RF). 


The 320 to 640 MHz (Af= 20 MHz) output is generated by heterodyning 
various combinations of input signals. Mixer U4 is a double balanced 
mixer (same as U1 and U10) but instead of normally feeding the two 
input signals into the RF and LO ports, one input signal is applied to 
the mixer’s IF port and the output is taken at the mixer’s RF port. In 
this configuration the mixer acts as a current-controlled switch 
(normal mixing action is disabled) when a dc current is applied to the 
mixer’s IF port. That is, if a dc control current is applied to the IF port, 
the signal at the LO port is allowed to pass straight through to the RF 


SERVICE SHEET 20 (Cont'd) 


port. The input signals to the IF port come from the LO Drive (60, 80, 
120, and 140 MHz) and the Controller (which supplies the dc control 
current to disable the mixer). The input signals to the LO port are 
derived from the HF Multiplier Reference (B) (320, 480, and 640 MHz). 
The 3 to 1 Multiplexer circuit, which is comprised of four limiters (U2, 
U3, U6 and U8), directs one of the three signals to the LO port. Limiters 
U2, U6, and U8 can be switched on and off by controlling the bias 
current flowing into the limiters (via pin 3 of the limiters). The voltage 
at pin 3 is about —10 Vdc when the limiters are enabled. 
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PRINCIPLES OF OPERATION 
General 


The LO Drive (A6A2) provides an output signal at either 60 MHz, 80 
MHz, 120 MHz, or 140 MHz to the HF Multiplier (A6A3). A 4 to 1 Multi- 
plexer circuit is used to select one of the four frequencies. The primary 
inputs are the 80 MHz signal (LO Drive Reference (B)), and the 120 
MHz signal (LO Drive Reference (A)). When either the 80 MHz or 120 
MHz output frequency is selected the corresponding input signal is 
routed to the output jack, J2. The 60 MHz output is derived by dividing 
the 120 MHz input by two. For an output of 140 MHz, the 60 MHz signal 
and 80 MHz input signal are mixed together. 


Mixer 


Mixer U3 is a double-balanced type which suppresses the input 
signals. The Mixer heterodynes the 60 MHz and 80 MHz signals to 
produce the 140 MHz signal (sum product). The difference signal and 
the residual input signal are attenuated by the 140 MHz Band-Pass 
Filter, leaving only the desired 140 MHz signal. 


4 to 1 Multiplexer 


The 4 to 1 Multiplexer consists of PIN diodes CR1 through CR8. PIN 
diodes act as current controlled resistors at RF frequencies. The Multi- 
plexer Control, U2, supplies the control bias for the PIN diodes. The 
control bias is either switched on or off, hence, the PIN diodes act as RF 
switches. When the PIN diodes are forward biased the RF resistance is 
reduced, allowing the RF signal to pass. When the PIN diodes are 
reverse biased they offer high resistance to the RF signal. 
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Number; e.g., R1 of Assembly Al is A1R1. Designations of 
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PRINCIPLES OF OPERATION 
General A6A9 ASSEMBLY 


The ROMs on this board contain factory generated pre-tune and fine- 
tune information that provides precise control over loop gain, loop lock 
limits, high frequency switching, and VCO frequency in the high 
frequency section. BCD lines carrying information which corresponds 
to front panel digits DF7, DF8, and DF9 provide addressing for the 
ROMs on this board. 


Reference Sum (RS) and Output Sum (OS) 
Loop Inductor Switch Drivers 


When a pair of inductor switch drivers is stimulated by a HI output 
from its respective ROM, the first transistor (for example, Q1) is turned 
OFF, turning Q2 ON to pull the inductor line to —30 volts. This shuts 
OFF the inductor being controlled. When the ROM output goes LO, Q1 
is turned ON. This turns Q2 OFF. When Q2 turns OFF, current flows 
through the PIN diode in the VCO, turning the inductor ON. 


All of the inductor driver circuits work in the same manner, except that 
different transistors are used for different current drive capabilities. 
The currents are: a, 15ma; b, 30ma; c, 30ma; d, 60ma; and e, 120ma. 


TROUBLESHOOTING 


The output of the ROMs (U1, U2 and U3) can be checked using Signa- 
ture Analysis. Service sheet B1 contains operating instructions. The 
frequency data inputs (DB7-1 through DF9-2) are related to the front 
panel frequency display as explained in note 1 on the schematic. 
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PRINCIPLES OF OPERATION 
General 


The RF Mixer Board contains circuitry that combines the 310 MHz to 
620 MHz and 320 MHz to 640 MHz inputs to produce the 10 MHz or 20 
MHz loop IF output. The two limiter stages serve as buffers and also 
provide a constant output level to the linear amplifier. Each limiter 
stage has a gain of about 10 dB and limits at approximately +1 dBm. 


The output of limiter U2 is fed to the single stage common emitter 
amplifier (Q1), which has a gain of about 8 dB. The mixer is a double- 
balanced type (that is, both inputs are suppressed at the output). The 
output of the mixer contains the sum and difference frequencies of the 
two input signals at a power level of approximately —16 dBm. The sum 
signal is filtered by the 25 MHz low-pass filter, leaving only the desired 
difference signal at the output. 
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TROUBLESHOOTING HELP 
Block Diagram D 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The 10/20 MHz loop phase detector reference signal (at J1) and the 
10/20 MHz loop IF signal (at board pin 1) are attenuated and ampli- 
fied, respectively, and are sent to the phase detector formed by CR1, 
CR2, CR3, and CR4. The phase detector combines the two signals and 
outputs a difference signal which is filtered by a5 MHz low-pass filter 
and a 19 MHz broadband notch filter before entering the integrator 
formed by Q7, Q8, and Q9. 


The integrator output current is converted to voltage by Q10. This 
voltage is summed with a four-bit ROM-controlled BCD pretune 
current in the resistor-diode shaper. The resulting voltage is then 
filtered, buffered, and used to drive the VCO so that it produces linear 
tuning with constant loop gain. 


The frequency range of the integrator voltage is automatically ad- 
justed to maintain a constant lock range for the loop. The long time 
constants associated with switching the RC loop gain adjust are 
accelerated by the speed-up circuit during switching. 


Loop Reference And IF Limiters 


Before the 10/20 MHz loop IF (from the RF mixer) is compared against 
the 10/20 MHz loop phase detector reference frequency within the 
double-balanced phase detector, the two signals are passed through 
identical limiters. Prior to entering the limiters, the reference signal is 
attenuated by 3 dB and the IF signal is amplified by 8 dB so that the 
two signals have amplitudes of about —3 dBm to—5 dBm. The limiters 
have adequate gain at this input level to produce sharp limiting action 
over the 10 MHz to 20 MHz frequency range. The outputs of the limiters 
are connected to the inputs of center-tapped transformers T1 and T2. 
These transformers, together with four PN junction diodes, form the 
high level mixer/phase detector. 


Phase Detector 


A high level mixer is used as the phase detector on this board. Switch- 
ing both sides of the phase detector hard generates a very linear slope. 
IF signals are suppressed by double-balanced action so that the main 
components at the output are dc phase and two times the IF signal. The 
two signals from the limiters and the phase detector output signal 
operate the lock acquisition circuitry. 


Integrator 


The phase detector’s output signal passes through the 5 MHz low-pass 
filter and a 19 MHz notch filter. The signal which enters the integrator 
is either an ac difference frequency or a dc voltage (for signals of the 
same frequency). In this latter case, the dc varies between + 0.6 volts. 
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The integrator has a large de gain with a zero located at about 7 kHz. 
The loop locks at a 90° phase difference when the dc voltage reaches 0 
volts. The integrator has only one driving input when the difference 
frequency is less than 200 kHz. This input comes from the 5 MHz low- 
pass filter. If the difference signal is greater than 200 kHz, an addi- 
tional drive current (the primary driver at this point) is supplied by the 
out-of-lock circuitry. 


The integrator’s output is proportional to the charge across its feed- 
back capacitor. The output level will be between 0 volts and some 
positive level determined by the lock range limit control and limit 
detector (set by the controller). 


The integrator is actually a discrete component op-amp. It produces 
output voltages in 8 ranges. These 8 ranges accommodate the widely 
differing voltage-frequency sensitivity of the VCO caused as various 
combinations of inductors are switched into the VCO. Gain of the 
integrator is maximum at dc, but reaches unity between 250 kHz and 
500 kHz. The high gain for close-in signals suppresses VCO noise. 


Lock Range Limit Control And Out-Of-Lock Detector 


As inductors in the VCO are switched ON in parallel, the VCOs sensi- 
tivity increases. As the VCO frequency is increased from 310 MHz to 
640 MHz by progressively switching in inductors A, B, C, D, and E, the 
oscillators’ gain increases by a factor of four (12 dB). To maintain 
constant lock range, the positive voltage swing of the integrator is 
limited by a3-bit D/A converter controlled by the signals that switch 
inductors C, D, and E, the most significant frequency bits. The output 
of the D/A resistive ladder drives the out-of-lock circuitry. 


The out-of-lock detector (U4) comparators the D/A output against the 
positive swing of the integrator. If the output becomes too positive, an 
out-of-lock signal is generated. Loss of signal or oscillator-drift, 
causing the integrator to reach its positive voltage limit, triggers this 
circuit and causes four things to happen. It lights the out-of-lock LED, 
sends TTL LO signals back through the motherboard to the micro- 
processor, enables the first dual CMOS switch and thetwo TTL trigger 
circuits, and enables the digital discriminator to clock the mixer beat 
note, producing a pulse-width modulated discriminator signal. 


Resistor Diode Shaping Network 


The VCO is controlled by varying the reverse bias on a group of 
varactor diodes which form part of the oscillator’s tank circuit. An 
increase in reverse bias causes a reduction in junction capacitance, 
which increases the frequency. However, the frequency characteristic 
of the tuning circuit is not a linear function of input voltage. 


A shaping circuit on the Phase Detector Board is used to linearize the 
signal. The shaping circuit consists of a ladder of diodes which are 
reverse biased at successively higher voltages. As the signal level 
increases, the diodes become progressively forward biased, presenting 
a lower impedance to the drive source. The tuning curve of the 
VCO is thus approximated by the shaping circuits in a piecewise 
linear manner. 
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4-Bit BCD Pretune 


The beat note of the difference of the loop IF down-converted frequency 
and the reference frequency passes through a 7 MHz low-pass filter to 
remove the RF sum frequency and leave only the difference frequency. 
The pretune ensures that this difference frequency will be less than 7 
MHz by pretuning within 7 MHz of its locked frequency. The pretune 
D/A converter is formed by quad comparator U13, JFET switches 
Q17-Q20, and associated circuitry. The RS loop pretune inputs accept 
TTLsignals from the Controller Assembly (service sheet 29) to control 
the pretuning. The pretunes are weighted BCD currents of 0.63 mA, 1.25 
mA, 2.50 mA and 5.00 mA. R85 allows the pretune currents to be scaled 
up or down by 7% and allows for minimization of dc offset. The collector 
of Q12 injects the pretune current into the resistor-diode shaper. 


Loop Gain Adjust And Pretune (Speed-Up) Circuitry 


The loop gain adjust circuit works on the same principle as the lock 
range circuit. VCO inductor lines C, D, and E control gates that activate 
the RC attenuator sections in the loop gain adjust circuit, ensuring that 
no phase shift occurs at the loop gain crossover frequency. Because of 
the low frequency and large capacitors, diodes CR29, CR30, CR31, and 
CR382 are used to speed up charging of these capacitors during switch- 
ing. R95 and C49 keep loop gain as constant as possible with any 
combination of inductors A, B, C, D, and E switched on. 


VCO (A8A2) 


The VCO in the high frequency loop sections is a non-field-repairable 
assembly; it is sealed and can only be repaired at the factory. The VCO 
is coarsely tuned by a 5-bit code which switches inductors A, B, C, D, 
and E inside the VCO. A control voltage of -9 Vdc to -38 Vdc fine tunes 
the VCO to lock the loop. The output frequency of the VCO extends from 
310 MHz to 620 MHz, at +38 dBm to -13 dBm (level depends on 
frequency). 


TROUBLESHOOTING 


When a high frequency loops problem has been traced through the 
block diagram troubleshooting procedure to this assembly, use the 
following procedure to isolate the cause of the problem. 


1. Mount the A6A5 assembly on an extender board. Move the slide 
switch to the TEST position (up). This opens the loop. 


2. Set the front panel frequency setting to 510.0 MHz. Connect a 
counter or spectrum analyzer to the A8A2 VCO output [discon- 
nect cable W2 (965) from A6A7J1 and measure the signal at the 
end of the cable]. Connect the output of an adjustable power 
supply to AGA5TP14 (+) and A6A5TP1 (-). 


3. Set the power supply output voltage to approximately 4 volts. The 
counter should read close to 510 MHz. Slowly decrease the power 
supply output to zero, and then increase the voltage to +8V. Check 
that the frequency changes as shown in the following table. Voltage 
and frequency readings may not be exactly as shown, but the 
amount and direction of change should be similar to these values. 
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TP2(Vide) vco 
Frequency (MHz) 


Voltage applied 


to TP14 (Vac) 
0.0 504 
4.0 498 


8.0 492 
If these readings are correct, continue troubleshooting with step 4. 
Otherwise, there is a problem from TP14 to TP2. Troubleshoot to 
find the cause. 


4. Monitor TP8 with the high impedance input of a counter. The 
counter should read the difference signal from the phase detector. 
Vary the adjustable power supply so the VCO frequency varies 
above and below 500 MHz. The counter should read the absolute 
frequency error. 


If operation of this circuit is normal, continue troubleshooting with 
step 5. Otherwise, there is a problem with the phase detector circui- 
try. 


5. Monitor TP7 (service sheet 25) with an oscilloscope or TTL logic 
probe. Vary the adjustable power supply so the VCO varies above 
and below 500.MHz. TP7 should be a TTL logic high (>2.4 Vdc) 
when the VCO is within 200 kHz of 500 MHz. At more than 500.2 
and less than 499.2 MHz, TP7 should become a TTL logic low (<0.8 
Vdc). 


If operation of this circuit is normal, continue troubleshooting with 
step 6. Otherwise, there is a problem with the out-of-lock discrimi- 
nator circuitry (bottom half of service sheet 25). Troubleshoot this 
circuitry to find the cause. 


6. Monitor U3 pin 7 (service sheet 25) with a scope. Vary the adjusta- 
ble power supply so the VCO is less than 499.7 MHz. The output of 
U3 should be less than 0.5 Vdc. 


Increase the VCO frequency to more than 500.3 MHz. The output of 
U3 should be more than 3.5 Vdc. 


If operation of this circuit is normal, continue troubleshooting with 
step 7. Otherwise, there is a problem with the frequency detector 
circuitry (top half of service sheet 25). Troubleshoot this circuitry to 
find the cause. 


7. Monitor TP3 (service sheet 25) with an oscilloscope. Vary the 
adjustable power supply to increase the frequency of the VCO to 
more than 501.0 MHz. The signal at TP3 should be a dc level more 
negative than —3.0 Vdc. This level will become more negative as the 
RF output frequency increases. 


Decrease the frequency of the VCO to less than 499.0 MHz. The 
signal at TP3 should be a series of pulses with slow rise and fall 
times at about a +4 Vdc level. The level increases and the pulses get 
smaller as the RF output frequency decreases. 


If operation of this circuit is normal, continue troubleshooting with 
step 8. Otherwise, there is a problem with the CMOS switch (U7) or 
the circuitry that drives it. Troubleshoot this circuitry to find the 
cause. 


SERVICE SHEET 24 (Cont'd) 


8. Monitor TPA (output of integrator) with an oscilloscope. Vary the 
adjustable power supply to make the frequency of the VCO signal 
greater than 501.0 MHz. The waveform at TPA should be a dc level 
greater than +7.0 Vdc. Decrease the VCO frequency to less than 
499.0 MHz. The waveform at TPA should be a dc level near ground. 
Pulse like those seen on TP3 may be visible on either of these levels. 


If these waveforms are not normal, there is a problem with the 
integrator circuitry. 
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PRINCIPLES OF OPERATION 
General 


The frequency error-correction circuitry on this board aids the phase 
lock loop (PLL) in acquiring lock. The first dual CMOS switch (U8) 
connects the outputs of the limiters to the trigger circuits. The trigger 
circuits produce TTL signals which are used by the ECL frequency 
detector when the loop is unlocked. These signals clock the frequency 
detector, which senses the direction of the frequency offset to deter- 
mine whether the VCO (service sheet 24) should be driven up or down. 
The comparator produces a TTL logic level that controls the direction 
of the VCO frequency change. 


The out-of-lock discriminator signal (pin 5 of U11) enables the digital 
discriminator to clock the mixer difference signal, producing a pulse- 
width modulated discriminator signal at the output of U12B. This 
signal is modulated at a frequency which varies from 200 kHz to 2.5 
MHz. A resultant signal is generated, and one of the second dual 
CMOS switches (U7) is activated depending on the direction of the 
frequency offset. 


If the loop is out of lock by more than 2.5 MHz, the correction current 
stays on continuously. From an offset of 2.5 MHz down to 200 kHz, the 
discriminator modulates the correction current. This speeds up switch- 
ing time by a factor of two or three. Under 200 kHz the correction 
signals are not necessary and the lock acquisition circuitry is disabled. 


Dual CMOS Switch No. 1 (U8) 


This dual CMOS switch connects the reference and loop IF signal 
inputs to the TT L trigger circuits. The switch itself is controlled by the 
out-of-lock signal from the out-of-lock discriminator. It is disabled 
when the loops are locked, preventing the TTL trigger circuits from 
being clocked and reducing spurious loop mixer signals. 


ECL Frequency Detector 


The two output signals from dual CMOS switch No. 1 clock the ECL 
frequency detector (U2) producing a HI at either pin 4 or pin 11 of the 
device. A HI at one of the input pins 6 or 9 will produce a HI at the 
respective output pin. The output pin will remain HI until reset by a HI 
on the opposite input pin. It will again go HI with a HI input at its 
respective input and will reset the opposite output. Therefore, one of the 
output pins will be mostly HI (with some glitches) while the other will 
be LO (with some glitches). The output that is HI will depend upon 
which of the two frequencies is greater (that is, the direction of the 
frequency offset). The glitches are removed by the differential low-pass 
filter. When locked, the ECL frequency detector inputs are gated off by 
U9C and U9D and the two outputs end up in either a LO-HI, HI-LO or 
LO-LO state. 


SERVICE SHEET 25 (Cont'd) 


Comparator 


Comparator U3 converts the filtered ECL frequency signal to a clean 
TTL logic level. This TTL level in turn controls whether the VCO 
(service sheet 32) is driven up or down. R141 provides a small amount of 
positive feedback around the comparator. This serves to suppress oscil- 
lation by producing a dead zone and latches the comparator when the 
loop is locked. 


Programmable Inverter 


The TTL frequency-direction logic level from the comparator is sent 
through an exclusive-or gate which acts as a programmable inverter. 
The RS loop requires a logic inversion here to drive the loop into lock 
if the VCO frequency is below that required. The OS loop requires no 
inversion for the feedback level to lock the loop when the frequency is 
above that of the reference. This is the only difference between the two 
loops. The state of the programmable inverter is set at pin 5 of the RS 
and OS loop boards. Pin 5 is allowed to float HI for the RS loop 
assembly (service sheet 25) and is tied LO for the OS loop assembly 
(service sheet 29). 


7 MHz Low-Pass Filter 


When the loop is out of lock, a beat note appears at the output of the 
mixer (service sheet 24). The 7 MHz low-pass filter removes the sum 
signal and other mixing products and only allows a beat note below 7 
MHz to pass. 


150 kHz Active High-Pass Filter 


This circuit along with the dead zonein the TT L trigger circuit is used 
to prevent FM from triggering the out-of-lock circuitry. 


Out-Of-Lock Discriminator 


The out-of-lock signal (pin 5 of U11) enables the final stage of the 
digital discriminator and clocks the difference signal from the mixer. If 
the difference signal is greater than 200 kHz (<5 us) pin 5 of U11 will 
always be high, enabling one-shot U12B. 


If the loop is out of lock by more than 2.5 MHz (< 400 ns) pin 12 of one- 
shot U12B will always be low enabling the dual-OR gates and current 
will be on continuously until the offset decreases to 2.5 MHz (400 ns). 
Between 2.5 MHz and 200 kHz U12B produces 400 ns pulses to 
modulate the correction current pumped into or out of the RC feedback 
node. As the offset decreases toward 200 kHz the pulse rate decreases. 


When an offset of 200 kHz (5 us) is reached, one-shot U12A and flip flop 
U11 disable one-shot U12B and the inputs to the ECL frequency 
detector. At this point the difference signal from the mixer is within the 
loop bandwidth and the loop will acquire lock by itself. 


SERVICE SHEET 25 (Cont'd) 


Dual CMOS Switch No. 2 (U7) 


This circuit has one channel activated, depending on the out-of-lock 
direction of the VCO, by one of the two AND circuits being modulated 
by the discriminator signal. Thus, current is pumped into or out of the 
RC feedback node of the op-amp integrator (service sheet 24). This 
forces the output of the op-amp to ramp up or down in the correct 
direction toward lock. 
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Figure 8-422. P/O AGAS Reference Sum Loop Phase Detector Component Locations 
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Figure 8-423. P/O AGA5 Reference Sum Loop Phase Detector Block Diagrams 
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PRINCIPLES OF OPERATION A6A7 ASSEMBLY 


The RF Buffer Assembly amplifies the 310 MHz to 620 MHz input 
signal before it is sent to the mixer in the Output Sum Loop. The RF 
Buffer consists of three limiter stages which provide gain and 75 dB of 
isolation. Each limiter stage has a gain of about 10 dB and limits 
at +1 dBm. 


The output signal from limiter U3 is sent through a 700 MHz low-pass 
filter to minimize spurious signals. The level of the output signals from 
the RF buffer circuit varies from about —2 dBm to—5 dBm. This is due 
to the high frequency roll-off characteristic of the limiters and the 
insertion loss of the low-pass filter at higher frequencies. 
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Figure 8-427. AGA7 RF Buffer Schematic 


Figure 8-426. AGA7 RF Buffer Block Diagrams 
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PRINCIPLES OF OPERATION 


The RF Mixer combines the 310 MHz to 620 MHz and the 320 MHz to 
640 MHz inputs to produce the 10 MHz to 20 MHz loop IF output signal. 
The two limiter stages serve as buffers and provide a constant level 
output to amplifier Q1. Each of the limiter stages has a gain of 10 dB 
and limits at +1 dBm. 


The output of limiter U2 is amplified by the single stage common- 
emitter amplifier, which has an approximate gain of 8 dB. The mixer is 
a double-balanced type (that is, both input signals are suppressed at 
the output). The output of the mixer contains the sum and difference 
frequencies of the two input signals at a power level of approximately 
—16 dBm. The sum signal is filtered by the 25 MHz low-pass filter, 
leaving only the desired difference signal. 
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Figure 8-429. AGA8 Output Sum Loop RF Mixer Block Diagrams 
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Figure 8-430. A6A8 Output Sum Loop RF Mixer Schematic 
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PRINCIPLES OF OPERATION 
General 


The 10/20 MHz loop phase detector reference signal (at J1) and the 
10/20 MHz loop IF signal (at board pin 1) are attenuated and ampli- 
fied, respectively, and are sent to the phase detector formed by CR1, 
CR2, CR3, and CR4. The phase detector combines the two signals and 
outputs a difference signal which is filtered by a5 MHz low-pass filter 
and a 19 MHz broadband notch filter before entering the integrator 
formed by Q7, Q8, and Q9. 


The integrator output current is converted to voltage by Q10. This 
voltage is summed with a four-bit ROM-controlled BCD pretune 
current in the resistor-diode shaper. The resulting voltage is then 
filtered, buffered, and used to drive the VCO so that it produces linear 
tuning with constant loop gain. 


The frequency range of the integrator voltage is automatically ad- 
justed to maintain a constant lock range for the loop. The long time 
constants associated with switching the RC loop gain adjust are accel- 
erated by the speed-up circuit during switching. 


Loop Reference And IF Limiters 


Before the 10/20 MHz loop IF (from the RF mixer) is compared against 
the 10/20 MHz loop phase detector reference frequency within the 
double-balanced phase detector, the two signals are passed through 
identical limiters. Prior to entering the limiters, the reference signal is 
attenuated by 3 dB and the IF signal is amplified by 8 dB so that the 
two signals have amplitudes of about —3 dBm to—5 dBm. The limiters 
have adequate gain at this input level to produce sharp limiting action 
over the 10 MHz to 20 MHz frequency range. The outputs of the limiters 
are connected to the inputs of center-tapped transformers T1 and T2. 
These transformers, together with four PN junction diodes, form the 
high level mixer/phase detector. 


Phase Detector 


A high level mixer is used as the phase detector on this board. 
Switching both sides of the phase detector hard generates a very linear 
slope. IF signals are suppressed by double-balanced action so that the 
main components at the output are dc phase and two times the IF 
signal. The two signals from the limiters and the phase detector output 
signal operate the lock acquisition circuitry. 
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Integrator 


The phase detector’s output signal passes through the5 MHz low-pass 
filter and a 19 MHz notch filter. The signal which enters the integrator 
is either an ac difference frequency or a dc voltage (for signals of the 
same frequency). In this latter case, the de varies between + 0.6 volts. 


The integrator has a large dc gain with a zero located at about 7 kHz. 
The loop locks at a 90° phase difference when the dc voltage reaches 0 
volts. The integrator has only one driving input when the difference 
frequency is less than 200 kHz. This input comes from the 5 MHz low- 
pass filter. If the difference signal is greater than 200 kHz, an 
additional drive current (the primary driver at this point) is supplied 
by the out-of-lock circuitry. 


The integrator’s output is proportional to the charge across its feed- 
back capacitor. The output level will be between 0 volts and some 
positive level determined by the lock range limit control and limit 
detector (set by the controller). 


The integrator is actually a discrete component op-amp. It produces 
output voltages in 8 ranges. These 8 ranges accommodate the widely 
differing voltage-frequency sensitivity of the VCO caused as various 
combinations of inductors are switched into the VCO. Gain of the 
integrator is maximum at dc, but reaches unity between 250 kHz and 
500 kHz. The high gain for close-in signals suppresses VCO noise. 


Lock Range Limit Control And Out-Of-Lock Detector 


As inductors in the VCO are switched ON in parallel, the VCOs sensi- 
tivity increases. As the VCO frequency is increased from 310 MHz to 
640 MHz by progressively switching in inductors A, B, C, D, and E, the 
oscillators’ gain increases by a factor of four (12 dB). To maintain 
constant lock range, the positive voltage swing of the integrator is 
limited by a 3-bit D/A converter controlled by the signals that switch 
inductors C, D, and E, the most significant frequency bits. The output 
of the D/A resistive ladder drives the out-of-lock circuitry. The out-of- 
lock detector (U4) comparators the D/A output against the positive 
swing of the integrator. If the output becomes too positive, an out-of- 
lock signal is generated. Loss of signal or oscillator-drift, causing the 
integrator to reach its positive voltage limit, triggers this circuit and 
causes four things to happen. It lights the out-of-lock LED, sends TTL 
LO signals back through the motherboard to the. microprocessor, 
enables the first dual CMOS switch and the two TTL trigger circuits, 
and enables the digital discriminator to clock the mixer beat note, 
producing a pulse-width modulated discriminator signal. 


Resistor Diode Shaping Network 


The VCO is controlled by varying the reverse bias on a group of varac- 
tor diodes which form part of the oscillator’s tank circuit. An increase 
in reverse bias causes a reduction in junction capacitance, which 
increases the frequency. However, the frequency characteristic of the 
tuning circuit is not a linear function of input voltage. A shaping 
circuit on the Phase Detector Board is used to linearize the signal. The 
shaping circuit consists of a ladder of diodes which are reverse biased 
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at successively higher voltages. As the signal level increases, the 
diodes become progressively forward biased, presenting a lower 
impedance to the drive source. The tuning curve of the VCO is thus 
approximated by the shaping circuits in a piecewise linear manner. 


4-Bit BCD Pretune 


The beat note of the difference of the loop IF down-converted frequency 
and the reference frequency passes through a 7 MHz low-pass filter to 
remove the RF sum frequency and leave only the difference frequency. 
The pretune ensures that this difference frequency will be less than 7 
MHz by pretuning within 7 MHz of its locked frequency. The pretune 
D/A converter is formed by quad comparator U13, JFET switches 
Q17-Q20, and associated circuitry. The RS loop pretune inputs accept 
TTLsignals from the Controller Assembly (service sheet 22) to control 
the pretuning. The pretunes are weighted BCD currents of 0.63 mA, 
1.25 mA, 2.50 mA and 5.00 mA. R85 allows the pretune currents to be 
scaled up or down by 7% and allows for minimization of dc offset. The 
collector of Q12 injects the pretune current into the resistor-diode 
shaper. 


Loop Gain Adjust And Pretune (Speedup) Circuitry 


The loop gain adjust circuit works on the same principle as the lock 
range circuit. VCO inductor lines C, D, and E control gates that 
activate the RC attenuator sections in the loop gain adjust circuit, 
ensuring that no phase shift occurs at the loop gain crossover 
frequency. Because of the low frequency and large capacitors, diodes 
CR29, CR30, CR31, and CR382 are used to speed up charging of these 
capacitors during switching. R95 and C49 keep loop gain as constant 
as possible with any combination of inductors a, b, c, d, and e 
switched on. 


VCO (A8A1 and A8A2) 


The VCO in the high frequency loop sections is a non-field-repairable 
assembly; itis sealed and can only be repaired at the factory. The VCO 
is coarsely tuned by a5-bit code which switches inductors a, b, c, d, and 
einside the VCO. A control voltage of —9 Vdc to —38 Vdc fine tunes the 
VCO to lock the loop. The output frequency of the VCO extends from 
310 MHz to 620 MHz, at +3 dBm to —13 dBm (level depends on 
frequency). 


TROUBLESHOOTING 


When a high frequency loops problem has been traced through the 
block diagram troubleshooting procedure to this assembly, use the 
following procedure to isolate the cause of the problem. 


1. Mount the A6A4 assembly on an extender board. Move the slide 
switch to the TEST position (up). This opens the loop. 
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2. Set the front panel frequency setting to 510.0 MHz. Connect a 
counter to the front panel RF output of the Generator. Connect the 
output of an adjustable power supply to A6A4: 

+ terminal to TP14 
— terminal to TP1 (ground) 


3. Set the power supply output voltage to approximately 4 volts. The 
counter should read close to 510 MHz. Slowly decrease the power 
supply output to zero, and then increase the voltage to +8V. Check 
that the frequency changes as shown in the table, below. Voltage 
and frequency readings may not be exactly as shown, but the 
amount and direction of change should be similar to these values. 


TP2(Vae) RF Output 
Frequency (MHz) 


Voltage applied 
to TP14 (Vac) 


516.0 
509.6 
503.5 


If these readings are correct, continue troubleshooting with step 4. 
Otherwise, there is a problem from TP14 to TP2. Troubleshoot to 
find the cause. 


4. Monitor TP8 with the high impedance input of a counter. The 


counter should read the difference signal from the phase detector. 
Vary the adjustable power supply so the RF output frequency varies 
above and below 510 MHz. The counter should read the absolute 
frequency error. 


If operation of this circuit is normal, continue troubleshooting with 
step 5. Otherwise, there is a problem with the phase detector 
circuitry. 


5. Monitor TP7 (service sheet 29) with an oscilloscope or TTL logic 


probe. Vary the adjustable power supply so the RF output varies 
above and below 510 MHz. TP7 should be a TTL logic high (>2.4 
Vdc) when the RF output is within 200 kHz of 510 MHz. At more 
than 510.2 and less than 509.8 MHz, TP7 should become a TTL logic 
low (< 0.8 Vdc). 


If operation of this circuit is normal, continue troubleshooting with 
step 6. Otherwise, there is a problem with the out-of-lock discrimi- 
nator circuitry (bottom half of service sheet 29). Troubleshoot this 
circuitry to find the cause. 


6. Monitor U3 pin 7 (service sheet 29) with a scope. Vary the adjustable 


power supply so the RF output is more than 510.3 MHz. The output 
of U3 should be less than 0.5 Vdc. 


Decrease the RF output frequency to less than 509.7 MHz. The 
output of U3 should be more than 3.5 Vdc. 


If operation of this circuit is normal, continue troubleshooting with 
step 7. Otherwise, there is a problem with the frequency detector 
circuitry (top half of service sheet 29). Troubleshoot this circuitry to 
find the cause. 
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7. Monitor TP3 (service sheet 29) with an oscilloscope. Vary the 
adjustable power supply to increase the frequency of the RF output 
to more than 511.0 MHz. The signal at TP3 should be a dc level more 
negative than —3.0 Vdc. This level will become more negative as the 
RF output frequency increases. 


Decrease the frequency of the RF output to less than 509.0 MHz. The 
signal at TP3 should be a series of pulses with slow rise and fall 
times at about a +4 Vdc level. The level increases and the pulses get 
smaller as the RF output frequency decreases. 


If operation of this circuit is normal, continue troubleshooting with 
step 8. Otherwise, there is a problem with the CMOS switch (U7) or 
the circuitry that drives it. Troubleshoot this circuitry to find 
the cause. 


8. Monitor TPA (output of integrator) with an oscilloscope. Vary the 
adjustable power supply to make the frequency of the RF output 
signal greater than 511.0 MHz. The waveform at TPA should be a de 
level greater than +7.0 Vdc. Decrease the RF output frequency to 
less than 509.0 MHz. The waveform at TPA should be a dc level near 
ground. Pulses like those seen on TP3 may be visible on either of 
these levels. 


If these waveforms are not normal, there is a problem with the 
integrator circuitry. 
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PRINCIPLES OF OPERATION 
General 


The frequency error-correction circuitry on this board aids the phase 
lock loop (PLL) in acquiring lock. The first dual CMOS switch (U8) 
connects the outputs of the limiters to the trigger circuits. The trigger 
circuits produce TTL signals which are used by the ECL frequency 
detector when the loop is unlocked. These signals clock the frequency 
detector, which senses the direction of the frequency offset to deter- 
mine whether the VCO (service sheet 28) should be driven up or down. 
The comparator produces a TTL logic level that controls the direction 
of the VCO frequency change. 


The out-of-lock discriminator signal (pin 5 of U11) enables the digital 
discriminator to clock the mixer difference signal, producing a pulse- 
width modulated discriminator signal at the output of U12B. This 
signal is modulated by a frequency which varies from 200 kHz to 2.5 
MHz. A resultant signal is generated, and one of the second dual 
CMOS switches (U7) is activated depending on the direction of the 
frequency offset. 


If the loop is out of lock by more than 2.5 MHz (400 ns), the correction 
current stays on continuously. From an offset of 2.5 MHz down to 200 
kHz, the discriminator modulates the correction current. This speeds 
up switching time by a factor of two or three. Under 200 kHz (5 ys) the 
correction signals are not necessary and the lock acquisition circuitry 
is disabled. 


Dual CMOS Switch No. 1 (U8) 


This dual CMOS switch connects the reference and loop IF signal 
inputs to the TTL trigger circuits. The switch itselfis controlled by the 
out-of-lock signal from the out-of-lock discriminator. It is disabled 
when the loops are locked, preventing the TTL trigger circuits from 
being clocked and reducing spurious loop mixer signals. 


ECL Frequency Detector 


The two output signals from dual CMOS switch No. 1 clock the ECL 
frequency detector (U2) producing a HI at either pin 4 or pin 11 of the 
device. A HI at one of the input pins 6 or 9 will produce a HI at the 
respective output pin. The output pin will remain HI until reset by a HI 
on the opposite input pin. It will again go HI with a HI input at its 
respective input and will reset the opposite output. Therefore, one of the 
output pins will be mostly HI(with some glitches) while the other will be 
LO (with some glitches). The output that is HI will depend upon which 
of the two frequencies is greater (that is, the direction of the frequency 
offset). The glitches are removed by the differential low-pass filter. 
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When locked, the ECL frequency detector inputs are gated off by U9C 
and U9D and the two outputs end up in either a LO-HI, HI-LO or 
LO-LO state. 


Comparator 


Comparator U3 converts the filtered ECL frequency signal to a clean 
TTL logic level. This TTL level in turn controls whether the VCO 
(service sheet 36) is driven up or down. R141 provides asmall amount of 
positive feedback around the comparator. This serves to suppress oscil- 
lation by producing a dead zone and latches the comparator when the 
loop is locked. 


Programmable Inverter 


The TTL frequency-direction logic level from the comparator is sent 
through an exclusive-or gate which acts as a programmable inverter. 
The RS loop requires a logic inversion here to drive the loop into lock if 
the VCO frequency is below that required. The OS loop requires no 
inversion for the feedback level to lock the loop when the frequency is 
above that of the reference. This is the only difference between the two 
loops. The state of the programmable inverter is set at pin 5 of the RS 
and OS loop boards. Pin 5 is allowed to float HI for the RS loop assem- 
bly (service sheet 33) and is tied LO for the OS loop assembly (service 
sheet 37). 


7 MHz Low-Pass Filter 


When the loop is out of lock, a beat note appears at the output of the 
mixer (service sheet 32). The 7 MHz low-pass filter removes the sum 
signal and other mixing products and only allows a beat note below 7 
MHz to pass. 


150 kHz Active High-Pass Filter 


This circuit along with the dead zone in the TT L trigger circuit is used 
to prevent FM from triggering the out-of-lock circuitry. 


Out-Of-Lock Discriminator 


The out-of-lock signal (pin 5 of U11) enables the final stage of the digi- 
tal discriminator and clocks the difference signal from the mixer. If 
the difference signal is greater than 200 kHz (<5 us) pin 5 of U11 will 
always be high, enabling one-shot U12B. 


If the loop is out of lock by more than 2.5 MHz (< 400 ns) pin 12 of one- 
shot U12B will always be low enabling the dual-OR gates and current 
will be on continuously until the offset decreases to 2.5 MHz (400 ns). 
Between 2.5 MHz and 200 kHz U12B produces 400 ns pulses to modu- 
late the correction current pumped into or out of the RC feedback node. 
As the offset decreases toward 200 kHz the pulse rate decreases. 
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When an offset of 200 kHz (5 us) is reached, one-shot U12A and flip flop 
U11 disable one-shot U12B and the inputs to the ECL frequency 
detector. At this point the difference signal from the mixer is within the 
loop bandwidth and the loop will acquire lock by itself. 


Dual CMOS Switch No. 2 (U7) 


This circuit has one channel activated, depending on the out-of-lock 
direction of the VCO, by one of the two AND circuits being modulated 
by the discriminator signal. Thus, current is pumped into or out of the 
RC feedback node of the op-amp integrator (service sheet 28). This 
forces the output of the op-amp to ramp up or down in the correct 
direction toward lock. 
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Figure 8-434. P/O AGA4 Output Sum Loop Phase Detector Component Locations 
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PRINCIPLES OF OPERATION 
General 


The Distributor board converts the basic (funda- 
mental) frequency band at the output of the high 
frequency section (320 MHz to 640 MHz at0 dBm to 
—16 dBm) for use by the doubler band, down- 
converter band, and midband circuits. The three 
frequency inputs to these circuits are 320 MHz to 640 
MHz, 520.01 MHz to 640 MHz, and 120 MHz to 640 
MHz, respectively. 


Limiters 

The fundamental frequency band signal (320 MHz 
to640 MHz in 0.1 Hz steps) enters the output section 
at J1 and passes through two cascaded limiter 
sections which provide gain and limiting. The 
limiters are ECL devices. Each has a gain of approx- 
imately 10 dB and limits at +1 dBm. There are two 
outputs from the second limiter (U2); one is inverted 
and one is non-inverted. 


Dividers, Low-Pass Filters, and 
Control Circuitry 


The non-inverted output of U2 is routed through two 
low-pass filters. One is a 640 MHz 7-pole low-pass 
filter; the other is a 460 MHz 5-pole low-pass filter. 
The filters are selected one at a time by PIN diodes 
CR1, CR2, CR6, and CR10. The diodes are enabled 
by lines LF4 and LF5. The filter to be selected is 
determined by ROM U8, which is addressed by lines 
R@ through R4 from the DCU. 


The second output from U2 is used to drive the input 
of U8, a divide-by-two flip flop. U3 is enabled and 
disabled via pin 12; U3 is not enabled unless the 
Generator is operating in one of the divider bands. 
The output of U3 drives the 240 MHz and 340 MHz 
low-pass filters. These filters are switched in and out 
of the circuit by lines LF2 and LF3 from U8. The out- 
put of the divide by-two circuit formed by U4 drives 
the 180 MHz low-pass filter. U4 is turned on and off 
by pin 12, by way of signals from U8 and U9. Only 
one of the filter bands is on at any given time. 


Model 8662A 


The output of the filters is usually —5 dBm to 
—8 dBm, nominal. 


Amplifier Stages 


There are two amplifier stages. The first stage 
(formed by Q5) provides 3 dB of gain. The second 
amplifier (formed by U6) has a gain of 11 dB. 


Loop Gain Amplifier (AGC)—Local Leveling 


The purpose of the AGC loop is to regulate any 
ripples caused by the dividers, limiters, switching 
circuits, or filters. These amplitude ripples may be as 
great as 3 dB peak to peak. The modulator for the 
AGC loop consists of PIN diodes CR11 and CR13. 
The more current that flows through R33 and R45, 
the lower the impedance of the PIN diodes. 


Lower impedance results in lower insertion loss, 
causing more signal to be passed. 


The AGC loop sensor is formed by peak detector 
diode CR14; C49 is a bypass capacitor. The loop 
comparator and driver is formed by U5B; C46 is an 
integrating capacitor. The reference voltage for the 
loop is formed by R42 and R40. This voltage is 
compared to the voltage from the divider formed by 
CR14 and R46. AGC action forces the voltage at the 
cathode of CR14 to be fixed, establishing U5B as a 
voltage source. CR12 is atemperature compensation 
diode. 


R49(51.1() is inserted at the output ofthe +11 dB amp- 
lifier and acts to match the local leveling circuitry to 
a500 system. The output signal’s frequency rangeis 
120 MHz to 640 MHz at +1.5 dBm (+0.5 dB). 


Output Multiplexor Switching 


Switching for the three-way output multiplexor is 
controlled by CR16, CR17, and CR18. As in the low- 
pass filter section, only one channel of the multi- 
plexor is on at any given time. Signals from U8 
control switching in the same manner that switch- 
ing is controlled in the low-pass filter section. The J2 
output is the 320 MHz to 640 MHz (+1.75 dBm) 
doubler band source. The J3 output is the 520.01 
MHz to 640 MHz (41.75 dBm) down converter 
source. The J4 output is the 120 MHz to 640 MHz 
(+1.0 dBm) midband source. CR19 and CR20 provide 
increased isolation against spurious signals when 


switched in by the control circuitry. When J4 is not a 
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selected, these PIN diodes help to attenuate the 
output by more than 40 dB. 


Error Detector 

The error detector verifies that the Distributor Board 
is functioning correctly by monitoring the output 
power levels. U5A senses the output of peak detector 
diode CR14 and compares it against a fixed voltage. 


Service 


If the signal level is incorrect, the microprocessor is 
signalled and error lamp DS1 is turned on. VR1 
insures that one of the output switches is conducting 
at all times. 


NOTE 


An invalid ROM input will cause none of 
the output multiplexor channels to be 
selected, thus causing an error indication. 
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PRINCIPLES OF OPERATION 
General 


The Low Frequency Down Converter Board generates the 10 kHz to 120 
MHz low frequency RF band. It does this by mixing the 520.01 MHz to 
640 MHz down converter source signal from the Distributor Board 
(service sheet 30) with the 520 MHz down converter band mixer RF 
from the reference section. 


The 520.01 MHz to 640 MHz down converter source signals from the 
distributor enter the Down Converter Board by way ofJ1. This signal 
is boosted from +1.75 dBm to approximately +11 dBm by microcircuit 
amplifier U1. The signal is then coupled, via C14, to a narrow-band 
tuned amplifier formed by Q2. Tuning is accomplished by variable 
capacitor C16 in conjunction with L9. The gain of this stage is approx- 
imately 10 dB, boosting the signal to +20 dBm. 


The680 MHz low-pass filter reduces harmonics present in the output to 
40 dB below signal level. The 3 dB pad attenuates the signal output to 
+17 dBm and creates a better broadband match to the LO input 
of the mixer. 


The 520 MHz input from the reference section enters the Down 
Converter Board via the J3 input at +1 dBm. To compensate for the 
insertion loss of the AM modulator, the signal is amplified to +10 dBm 
by the +9 dB amplifier formed by Q6. This amplifier is biased from the 
negative supply. 


PIN Modulator 


The PIN diode AM modulator formed by CR1, CR2, CR3, and CR4, 
modulates the 520 MHz input signal with the signal from the AGC 
Board (service sheet 37). The AGC signal enters the Down Converter 
Board via pin 9 and is injected between CR2 and CR3. The signal splits 
and goes through both the right and left set of diodes. The more current 
that flows in the line, the lower the impedance of the diodes. This 
results in lower insertion loss and a greater amplitude output signal. 


Following modulation, the signal is amplified by the +9 dB amplifier 
formed by Q5. The output of this amplifier is approximately —5 dBm. 
The signal then passes through a 680 MHz low-pass filter and a3 dB 
pad, and is fed into the RF input of the mixer (U2) at approximately 
—8 dBm. 


Mixer 


The mixer takes the 520.01 MHz to 640 MHz down converter source 
signal and hetrodynes it with the520 MHz reference RF to produce the 
10 kHz to 120 MHz low level down converter band. The 25 dB difference 
between the LO and RF inputs of the mixer is necessary to reduce the 
effect of spurs. If the difference is greater than 25 dB, the signal will 
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become buried in noise. Part of the effect of the AGC loop is to ensure 
that the mixer operates within the 25 dB range. 


The output of the mixer is about —16 dBm. Before being sent to the out- 


put amplifier stages, it is amplified by the Low Frequency Preamplifier 
(service sheet 32). 


Bias Regulators and Down Converter Enable 

The bias regulators for the two down converter source amplifiers are 
formed by Q3 and Q4. The down converter enable line from the 
Distributor Board (service sheet 30) is used to switch the Down Con- 
verter Board ON and OFF through transistor Q4, which is the ground 
source for the bias regulators. 
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Figure 8-505. A4A5 Output Section LF Down Converter Block Diagrams 
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Reference designations within outline (- — ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 
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Figure 8-506. A4A5 Output Section LF Down Converter Schematic 


8-505 


SERVICE SHEET 32 
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Block Diagram E 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The low level (—16 dBm typical) 0.01 to 120 MHz output from the Low Fre- 
quency Down Converter (service sheet 31) is pre-amplified by the Low 
Frequency Amplifier before it is sent to the final output amplifiers. 


Low-Pass Input Filter 


The signal from the Low Frequency Down Converter enters the Low Frequency 
Amplifier at J1. Here, the mixer sum frequency signal is terminated by a 50 
ohm load so that it won’t reflect back into the mixer. The desired difference 
frequency is passed through 120 MHz and 140 MHz low-pass filters, preventing 
any RF or LO signals from entering the amplifier. 


Amplifier Section 


The two feedback amplifiers formed by Q1 and Q3 are low in noise. The ampli- 
fier formed by Q1 has a gain of approximately 13 dB. Buffer amplifier Q2 
minimizes loading of Q1 and matches impedance to the next stage. The signal 
level at the output of this buffer is -3 dBm. The second féedback amplifier 
(formed by Q3) provides 7 dB of gain and has an output signal level of about 
+4 dBm. 


Switchable Pads 


The switchable pads following Q3 control the output signal level. The pads 
attenuate at 2dB, 4dB, and 8 dB so that any desired attenuation between 2 dB 
and 14 dB can be accomplished in 2 dB steps. These pads are switched in and 
out by the low frequency amplifier level-control lines, which come from the 
DCU. The output of the Low Frequency Amplifier Board is sent to the Output 
Amplifier Board (service sheets 34 and 35). 
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Figure 8-507. A4A3 Output Section LF Amplifier Component Locations 
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TROUBLESHOOTING HELP 
Block Diagram E 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The Doubler Board doubles the basic band frequency from the Distributor 
Board so that the 640 MHz to 1280 MHz frequency range can be generated. 


Doubler Filter Microcircuit (A4U2) 


The doubler band frequency enters the doubler filter (a microcircuit which is 
located on the A4A2 board) at J1. The input frequency is 320 MHz to 640 MHz 
(at +1.75 dBm). The signal is first amplified and then sent to the doubler. 
Following the doubler is a voltage-tuned filter. This is a bandpass filter made 
of varactor diodes in a back-to-back arrangement (to minimize harmonic 
generation). 


The last block in A4U2 is the final amplifier stage. The signal enters it from 
the voltagetuned filter at 0 dBm and is amplified to +10 dBm. The output of 
this amplifier is sent to the modulator filter (A4U3) through a coaxial cable. 


Modulator Filter (A4U3) 


The output signal from J2 to A4U2 enters A4U3 at J1. The first stage in this 
microcircuit is the voltage-tuned filter. Following this is a pi-type PIN modu- 
lator. The PIN diodes behave as RF resistors. Their resistance is controlled by 
the amount of dc bias current flowing through them. The amount of control 
current used by the modulator varies from 0 mA to5 mA. Following the modula- 
tor is another amplifier. The output from it is 640 MHz to 1280 MHz at +5 dBm 
maximum (depending on the modulator settings). 


AGC and Doubler Enable Circuitry 


The AGC circuitry controls the gain of the modulator in microcircuit A4U3 so 
that the Generator’s RF output is constant. The AGC signal comes from the 
AGC board (service sheet 37) and enters the Doubler Assembly via pin 6. The 
doubler in microcircuit A4U2 is enabled by the doubler enable circuitry found 
on the Doubler Board. The signals which control this circuit come from 
the DCU. 


Filter Tuning D/A Converter 


The control signals for the voltage-tuned filters come from ROM U4 by way of 
the D/A converter formed by U1 and U5. Actual frequency select signals which 
address the ROM come from the DCU. These signals determine the frequencies 
to be passed or rejected by the tuned filters. The ROM is enabled at the same 
time as the doubler in A4U2. 


Transistor Q3 forms a constant reference voltage source (adjustable by R29) 
for the D/A converter. This also determines the maximum frequency pass band 
of the voltage-tuned filters. R40 sets the low filter tracking voltage. During the 
initial setup procedure, R40 is first adjusted and then R29 is adjusted. This 
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order eliminates interaction between the two pots (if R29 is adjusted first, 
interaction will occur). 


The ROM contains information for automatic correction of the tuning curves 
of the filters. ROM advancement of the voltage-tuned filters is in 2 MHz steps 
from 640 MHz to 1280 MHz. The addresses which select the ROM D/A outputs 
are not available in table form, but if the ROM address lines are incremented 
(by putting the instrument into sweep mode; 2 MHz steps from 640 MHz to 
1280 MHz), verification of proper stepping can be made by checking that the 
output of the doubler band increments in 2 MHz steps. It should be noted that 
the frequency will still increment even if the filter isn’t working properly. 


NOTE: 


Anytime either one or both of the microcircuits A4U2 and A4U3 are 
changed, a new ROM must be installed. When the ROM is pro- 
grammed, any inconsistencies which exist within the two micro- 
circuits are taken into account. The software in the ROM is unique 
to the two microcircuits and must be re-generated at the factory (and 
a new ROM programmed) in the event that the microcircuits 
are replaced. 


TROUBLESHOOTING 


This assembly contains a unique ROM (U4) which is programmed at the 
factory to match the voltage-tuned filters in the two microcircuits. If the ROM 
or either microcircuit fails, the entire A4A2 doubler assembly must be replaced. 
A rebuilt assembly is available (see section VI, Replaceable Parts, for part 
number). All other parts can be replaced. It is more economical to replace 
components where possible. 
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Figure 8-510. A4A2 Output Section Doubler Component Locations 
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Reference designations within outline (— — ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 
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Figure 8-512. A4A2 Output Section Doubler Schematic 
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PRINCIPLES OF OPERATION 
General 


The Output Amplifier Board consolidates the three frequency bands so 
that they can be sent to the final power amplifier. The down-converter 
band (0.01 MHz to 120 MHz), midband (120 MHz to 640 MHz) and 
doubler band (640 MHz to 1280 MHz) are combined to produce a con- 
tinuous output from 10 kHz to 1280 MHz. Band switching is controlled 
by signals from the DCU. Only one band is selected at a time. AGC 
level control for the midband also takes place on this board. 


Midband Amplification 


The midband RF signal source output from the Distributor Board 
(service sheet 30) enters the Output Amplifier Board at J1. The signal 
then undergoes two stages of amplification. In the first stage, Q1 
provides 3 dB of amplification. The second stage of amplification is 
provided by micro-circuit U2, which has 11 dB of gain. Q7 acts asa 
bias stage for U2. The output of U2 is fixed at approximately +13 dBm. 


PIN Diode Modulator 


The midband modulator is formed by CR2, CR3, CR4, and CR5. The 
midband AGC line enters the output board via pin 4 and its signal 
is injected between CR3 and CR4. The signal forward-biases both pairs 
of diodes. The more current that flows through the diodes, the lower 
their impedance. Low impedance results in a low insertion loss and a 
greater output signal. Resistors R18, R19, and R21 act to keep the 
control current versus attenuation curve flat and provide for greater 
modulator range. 


PIN Diode Switched Low-Pass Filters 


The filter cutoff frequencies for the 5-pole low pass filter bank are 
660 MHz, 460 MHz, 340 MHz, 240 MHz and 180 MHz. Only one filter 
can be turned on at a time. PIN diode switches CR6 through CR15 
activate the individual filters. Signals from the Distributor Board 
(service sheet 30) control these diodes by way of the on-board logic 
circuitry. 


Output Band Switching 


The three-way output switching is handled by CR20, CR21, CR22, and 
CR23. As in the low-pass filter section, only one channel is activated 
at atime. Signals from U4 in the logic section control switching in the 
same manner as they doin the filter section. CR21 switches the doubler 
band to the output, CR22 switches the midband, and CR20 and CR23 
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switch the down-converter band. Since the band switches are par- 
alleled, the output to the Output Power Amplifier Board is continuous 
in three ranges from 10 kHz to 1280 MHz. Test point 5, which is de 
coupled to the cathodes of CR21, CR22, and CR23, is maintained at 
approximately +4.75 volts by normal operation of the output multi- 
plexor circuit. The output from the decoder section is connected by 
C41 to the final power amplifier (service sheet 35). 
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Figure 8-514. P/O A4A1 Output Amplifier Block Diagrams 
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TROUBLESHOOTING HELP 
Block Diagram E 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The RF signal from the Output Amplifier goes through two levels of 
amplification within the final wideband power amplifier stage. These 
two stages of gain are provided by microcircuit A4U1. Supportive 
functions are provided by additional circuitry on this board. Included 
are two wideband bias regulators (for the two amplifiers in the micro- 
circuit), time constant switches (which adjust the AM bandwidth at 
various frequencies), a subtractor operational amplifier (for elimin- 
ating the dc component of the RF signal used by the AGC circuitry), 
noise shunts, reference detector bypass, and switching logic. 


Wideband Regulators 


The wideband regulator for the first amplifier stage is formed by Q19, 
Q23, and Q24. Q3, Q10, and Q15 form the regulator for the second 
stage. These regulators are essentially gain-controlled feedback loops 
which have built-in rolloff characteristics to prevent oscillation at high 
frequencies and prevent low frequency RF from affecting biasing. 


The regulator in the first amplifier stage senses the output of U1 at pin 
2 and adjusts the bias at pin 1. Q23 and Q24 keep TP8 at +14 volts. C46 
shorts TP9 to the base of Q19 at RF frequencies so that the impedance 
seen by the output of the first amplifier stage of A4U1 (through pin 2) 
is high. This prevents loading of the amplifier output. 


The bias regulator for the second amplifier stage is almost identical to 
that for the first stage, except that there is an adjustment (R86) which 
allows the current to be set so that optimum harmonic performance 
can be obtained from this final output stage. The bias regulator senses 
at pin 4 and sends a bias voltage back to pin 3. 


Peak and Reference Detectors 


The AGC peak detector diode is connected to the collector of the final 
output transistor in the second stage of the power amplifier. The capa- 
citor connected to it is the main peak detector capacitor for frequency 
bands between 10 MHz and 1280 MHz. As the operating frequencies 
drop below 10 MHz, however, additional capacitors are needed to 
decrease the bandwidth of the bypass. These capacitors are switched 
in by Q4, Q11, and Q14, which are driven by switching logic in the 
DCU. Any combination of capacitors can be switched by the DCU. 


Subtracior Circuitry 


The RF signal passing through U1 is superimposed on the de collector 
voltage of the second amplifier stage (which is about +13Vdc). This de 
voltage is removed by the subtractor stage so that the peak RF can be 
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filtered and sent to the AGC Assembly (service sheet 37). 


The subtractor is a discrete differential op-amp (formed by Q17) oper- 
ating in a common-rejection mode. One input is fed the (negative) 
peak detected RF-plus-dc (from the AGC Negative Peak Detector); the 
other input is fed dc only (from the Reference Detector). The differential 
op-amp cancels the dc bias component because it is common to both 
inputs, but passes the RF signal. A low-pass filter at the output of the 
subtractor eliminates harmonics. The output of this filter is sent to the 
AGC Board (service sheet 37) at 0 to +4Vdc. This voltage increases 
with increasing RF. 


Noise Shunts and Reference Detector Bypass 


The output amplifier (U1) generates considerable broadband noise 
below 1 MHz. This noise is shunted through Q9 and Q13 and is 
bypassed to ground by C54 and R105. 


The reference detector bypass consists of a continuously connected 
capacitor (C57) and a switchable capacitor (C56), which attenuate 
the lower frequency RF that is removed by the reference detector in 
U1. Attenuation of higher RF frequencies is accomplished by L43. 
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PRINCIPLES OF OPERATION 
General 


The attenuator provides precise level control at the RF output of the 
Signal Generator. The attenuator is composed of six electro-mechan- 
ical attenuator pads. Three of the pads attenuate the signal by 40 dB, 
one by 20 dB, one by 10 dB, and one by 5 dB. Any combination of pads 
can be switched to produce attenuation up to 145 dB. 


Reverse-Power Protection Circuitry 


The reverse power sensor (limiter/detector) is located in the attenuator. 
This circuit sends a continuous reference voltage to the Reverse Power 
Board(A3A1) so that comparator U1 can determine when an excessive 
power condition is occuring. When the output of the comparator goes 
HI, latch U2B sets. This triggers the relay driver circuitry, which in 
turn activates the output-disconnect relay. 


The limiter/detector circuit provides temporary protection to the 
output section in the event that power is accidentally connected to the 
front or rear panel RF Output connectors. This limiter circuitry only 
provides protection until the switching relay can be activated to dis- 
connect the RF outputs from the attenuator and Output Amplifier. 


General-Reverse Power Driver Board (A3A1) 


The reverse-power protection circuitry is a standard feature designed 
to protect the Signal Generator from accidental applications of reverse 
signal levels (up to 30 watts) that could damage sensitive output cir- 
cuitry, or cause component deterioration, resulting in reduced 
performance. The circuitry is designed to trigger at 10 volts peak RF, 
protecting against accidental keying of transmitters, connection of 
charged cables, or other potentially destructive inputs to the RF output 
connectors. Pressing the AMPLITUDE key will reset the Signal 
Generator to normal operation after the reverse-power protection 
circuit has been activated. 


Comparator, Latch and Driver Circuitry 


The comparator circuit checks the voltage from the sensor circuitry in 
the attenuator against a reference voltage in order to trigger the relay 
activation latch. The comparator is programmed to trigger when the 
peak reverse RF signal exceeds 10 volts. Once the latch has been set, 
the relay driver circuitry activates the output-disconnect relay. When 
the relay opens, the RF output connectors are disconnected from the 
attenuator and the Output Power Amplifier. 


When the latch opens, an error message is sent to the DCU. The DCU 
in turn activates the user message indicator lamps on the front panel. 
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Oncethe AMPLITUDE key is pressed, the DCU generates a reset pulse 
which is sent to the latch. When the latch resets, the relay driver cir- 
cuitry is disabled. This closes the output-disconnect relay and causes 
the output power amplifier to be reconnected to the front or rear panel 
RF Output connectors. 


Power-Up Circuitry 

When the instrument is first turned on, the power-up circuitry forces 
the relay-activation latch to come up in a reset mode. This ensures that 
the Output Amplifier is connected to the RF output connectors. Should 
a reverse power condition be in effect during power-up, however, the 
output protection relay will trigger and disconnect the output. 
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Figure 8-519. A3A1 Reverse Power Driver Component Locations 
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Figure 8-520. A3A1 Reverse Power Driver and Attenuator Block Diagrams 


AZAl)_ ATTENUATOR (Nore 2)_ 


pease 


| 20d8 4008 sod 40d8 508 4008 REVERSE POWER } 
VAs @) ©) 7 PROTECTION CIRCUITS 1 


PROGRAMMABLE STEP ATTENUATORS 


PRE-ATTENUATED 


RF OUTPUT w43 i 


LIMITER/ 
DETECTOR 


' 
1 
1 | 
| 


, 


; | 
\ 
| 1 1 1 
A ; | 1 
! } ! } 
' A I { 
| 4 ! 
| 1 1 A i 
x 
F : : | 
ATTENUATOR 1 \ 
RELAY ORIVE : | 
OTE | a (len) \ H 
\ i 
| \ 
! 
| (3/622) 
V ws4 
oom GS) 
' \ 
V4 \ V 
W60 
97 — O re 
A3A/l REVERSE POWER DRIVER (08662 - 60/35) — ee — 
ASV OSV epee 5 
S Ag %O9 i} 
6 
Sm RELAY DRIVER —————$ ipeon. (¥) si | 
\ +5V 20 yaD\ I 
nes R4 R7 ay 
; 5) 
abies den | 
OUTPUT J > 
u3 (3) A) ee *5V SENSOR 
w6o i 3/62. 
CQ) Dp +20V RIZ vl 
-v, ' om, R8 (2) é 3 oon palit 
1 s000n So 
cR/ o ' 
Digi BIAS “ i 
“7 Vide 
wss | 1 ) Be @) vei V/ 
a 23.7V "y, ce 
VV 10002. +2OV 
. £2 
PIO A3 All LOW \/ loan 
FREQUENCY LOOPS 
MOTHER BOARD GEA 
- 1 i 
bese Gee \ Gm POWER - UP CIRCUIT mmm, | 
| 45V 
REVERSE p/o we vo) W 


17@9—G> «$c 
Grn POWER SUPPLY DECOUPLING ——mmmmay, 


' 
' 
' | | a) 10Ka Cre 
+20v og .0uH Bin 4.22V 
46@—-—~ 7 +20V > 
Rlé *hce 


| 
| 
| 
| 
RIS 
i 
| 
i 
1 


+SV . 

460-—-—-~< 3 28 eet +S5Vv 
al er ge got 
i " 1000, 
460 7 & eh L Y BIAS SUPPLY — 
i 

= ! os R3 

le H | 5 3.04H 38.3kn. 
48¢@}>—_< 

| c3 "aCe 
1000pF 6. Eur 


Number; e.9., R1 of Assembly Al is A1R1. Designations of 
other components are complete as shown. 


' \7 \/7 Reference designations within outline (— — ——) assem- 
| blies are abbreviated. Full designation includes Assembly 


8662A ATTENUATOR AND REVERSE POWER DR/VER: /833 A 


RF 
OUTPUT 


1 
v2 u 
4 w34 i 
oT s o1G Oman f 
: Re Et Le HER LI See eae Se inal \ 
t---4 eos seca fa es Ie oa Nr seers qk y i 1 
i ! ! F Jey 
i (A/a) 
! 
\ 


P10 A3AIT 
\ 
) 
Fo 
| xA3a/ ds 


(Wore 3) 


REVERSE 
POWER 


(ERROR #09) 


Service 


NOTES 

1 A TTL HIGH INPUT TOTHE STEP 
ATTENUATOR ACTIVATES THE 
ATTENUATION ELEMENT, WHILE A LOW 
WILL ACTIVATE THE THRU LINE FOR 
THAT SECTION, 

2. THE ATTENLETOR ASSEMBLY /S 
NON - F1ELD REPAIRABLE./T 15 REPLACE- 
ABLE WITHA KIT THAT INCLUDES A SPECIAL 
LEVEL CORRECT/ON ROM. SEE SECTIONIZ 
FOR NEW AND EXCHANGE KIT NUMBERS, 


3. FOR OPTION O01, W34 15 A SEM/-RIG/D 
COAX/AL CABLE CONNECTED TO THE 
REAR PANEL J/ (OPTIONAL RF ourPur). 

+ TROUBLESHOOTING VALUES ARE TYP/ICR., 
THEY ARE ACTUAL MEASURED VALUES, 
YOUR MIEASUREMENTS' 11GHT BE 
SLIGHTLY O/KF ERENT THAN WHAT 1S 
SMWown, 


T BACK OATING (NFORMATION (N SECTION VI) 


REFERENCE DESIGNATIONS 


NO PREFIX A3A/ 

vi cn -9 

W 34,4345, R42 
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LOGIC LEVELS 


4£0G/c | 774 | Sct | F&CL | CMOS 
HGH) | 22V |zehovizrnor| = VoD 
Zowe) 
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| wee7 | | zzz | | 4cz | [ eece | | cmos | 
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OPEN | HIGH) LOW (0) | LOW(S) 


GROUND -~OV; X= UNDEFINED 


TRANSISTOR 
AND INTE GRATED 
CIRCUIT PART NUMBERS 


REFERENCE PART 
DESIGNATIONS NUMBERS 


Q/ /853 - 00/2 
@2 1854 -007/ 
us 1826 -0026 
v2 1820 -/2/2 

“3 1820-0/75 


uF 1820-1197 


IVTEGRATED CIRCUIT 
VOLTAGE AND 
GROUND CONNECTIONS 


REFERENCE PIN | 
DESIGNATIONS | NUMBERS 
v2 *SV - 16 
Vi - 8 
U3,4 *5V - 14 


A3Al, A2AT1 


Figure 8-521. A3A1 Reverse Power Driver and Attenuator Schematic 
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SERVICE SHEET 37 
A4A7 AGC ASSEMBLY BOARD 


TROUBLESHOOTING HELP 
Block Diagram E 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The AGC section levels the output, provides vernier adjustment, and 
adds AM. The circuitry forms a feedback loop in which the level of the 
output is sensed by an RF detector and compared to a reference voltage 
at the AGC comparator. The output of the comparator, which repre- 
sents the level error, drives the individual band modulator-boards 
through their respective modulator driver amplifiers on the AGC 
assembly. 


As an example of leveling action, suppose the output RF level drops 
(possibly as a result of frequency tuning). The output of the negative 
peak detector diode will become more positive. The comparator checks 
the corresponding peak detector voltage decrease at the output of the 
inverting amplifier against the -VREF from the reference/AM level 
D/A converter and senses the change as an error. The comparator 
then drives the modulator in such a manner as to increase the current 
into it. This reduces the modulator’s attenuation of the RF signal, 
increasing amplitude level at the RF output. 


The reference/AM level D/A converter also sums with -VREF or 
any AM input (which may come from the front panel AM jack or the 
internal modulation source). AM works within the leveling loop by 
varying —-VREF. Varying -VREF causes the AGC comparator to 
sense that a level change is occuring. The AGC comparator responds 
by adjusting the output level to correct for the change. The result is an 
amplitude modulated RF output signal. 


Reference/AM Level Amplifier — 


The AM signal generated in the modulation section enters the AGC 
Board via pin 20. If AM is desired, the AM signal is added to the 
reference voltage developed across VR1. The résulting signal is ampli- 
fied and inverted by U12, which has a gain of about two. This 
signal is then applied to the reference/AM level D/A converter 
(U8 and U13). 


‘ 


Reference/AM Level D/A Converter 


The D/A converter is essentially an attenuatpr-The signal at TP2 is 
attenuated by U8 according to the RF level control inputs which come 
from the DCU (LV2-0 to LV2-9). TP3 is at the junction of R25 and R26, 
a voltage divider which serves to attenuate the noise from U13 by 
a factor of two. o 


The fraction of attenuation by U8 can be anywhere from 1/1024 to 1. 
Q1 is used in a non-inverting mode as an impedance matching buffer. 
The attenuated AM reference signal is summed with the AGC detector 
signal, which comes from the Output Amplifier Board (service sheet 
35), at the junction of R27 and R28. 
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AGC Comparator 


The loop comparator is a discrete low-noise operational amplifier 
formed by Q2, Q3, Q4, and Q5. R32 is the feedback resistor; Q3 provides 
gain and acts as a level-shifter. The output of the comparator is the 
difference between the reference and the detector signals. 


Error Detector 


The error detector is a window comparator formed by U4A and U4B. 
Ideally, the output of the AGC comparator should be zero. If it is not 
zero, the error detector generates a signal which lights error lamp DS1 
and sends an error message to the DCU. 


Modulation Drive Circuitry 


The output of the AGC comparator is sent to either the doubler band, 
midband, or down-converter band through the switching action of Q7, 
Q8, or Q9. Only one band can be enabled at a time. Oncea band switch 
turns on, the signal from the AGC comparator is directed to one of the 
loop gain amplifiers. These amplifiers amplify the error voltages from 
the AGC comparator to drive the voltage-to-current converters (mod- 
ulator drivers) and provide controlled rolloff as modulation frequency 
increases. The loop gain amplifiers are integrators with high de gain 
that decreases with increasing frequency. High dc gain assures level 
accuracy. The high frequency rolloff points are determined by capa- 
citors C18, C19, and C26. 


Down Converter Band 


The down-converter band operates from 10 kHz to 120 MHz. Its opera- | 


tion is different from the other bands because of the RF pads in the 
low frequency preamp (service sheet 31). These pads change the level 
of the RF as well as the AGC loop gain. Since it is not desirable 
for this change to occur, dc gain is adjusted for compensation. FETs 
Q12, Q13, and Q14 switch in to change the gain of U5. 


As the carrier frequency decreases, the detector diode begins to follow 
not only the voltage peaks, but the entire carrier waveform. The AGC 
responds by decreasing the carrier amplitude. To prevent this, the 
bandwidth of the down-converter band is reduced at lower frequencies. 
This is accomplished by switching in integrating capacitors C24 and 
C25 by way of FET switches Q15 and Q16. 


Control Circuitry 


The switching of the FETs within the three bands is controlled by 
logic circuitry on the AGC board. This logic decodes digital signals 
which are sent to it from the Distributor Board, Output Amplifier 
Board, and the RF level control lines from the DCU so that the proper 
attenuators, gain stages, and outputs are switched at the correct times. 


SERVICE SHEET 37 (Cont'd) 


TROUBLESHOOTING 


When an output section problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the following 
procedure to isolate the cause of the problem. 


Procedure 
1. Mount the A4A7 on an extender board and measure the output of 


the D/A converter at TP3 with a DVM. Compare the measured 
values to the numbers in the table, below. 


FRONT PANEL TP3 
AMPLITUDE SETTING Vde + 0.04 


+ 5.1 
+10.0 
+16.0 


The D/A converter can be more fully checked using the Mainframe 
Stimulus Diagnostic. Operating instructions are contained in 
service sheet B1. 


If these voltages are normal, continue troubleshooting with step 2. 
Otherwise, there is a problem with the reference D/A converter 
circuitry so troubleshoot this part of the assembly to find the cause 
of the problem. To determine if the digital data to the D/A circuitry 
is correct, the 10 bit digital word (LV2-0 through LV2-9) which 
programs the D/A converter can be calculated for any front panel 
amplitude setting from 5.1 to 16.0 dBm as follows: 


1) Subtract 16.0 from the front panel amplitude setting (result is 0 
or a negative number) and divide the result by 20. 


2) Take the antilog (10X) of this value (result is a positive number, 1 
or less) and multiply the result by 1023. 


3) Round off the result to the nearest integer number and convert to 
a 10 bit binary number. 


races - | 
1s Tormula 1S 10 20 + 1023 


where NAMPTL is the front panel amplitude setting (+5.1 to +16.0). 


2. Move the slide switch on A4A7 to the TEST position (down). Refer 
to the following table to check each of the band amplifiers by per- 
forming the following sequence: 


1) Set the front panel frequency to within the band being checked. 
2) Connect to TP6 and other test points per the table. 


3) Check the driver output voltages and the front panel RF output 
level as shown in the table. The column listed “W/PIN” means the 
assembly containing the modulator for the band being checked is 
in the instrument and is loading the driver. The column labeled 
“W/O PIN” means the assembly containing the modulator is not 
in the instrument or the A4A7 edge connector pins where the 
drive signal leaves the board are taped to prevent the modulator 
from loading the driver. 
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4) Check each band with TP6 both open and grounded which turns 
the modulator fully off and on. If both voltage extremes are 


reached, that circuitry is functioning normally. 


Driver Outputs 


TP6 Short Test Vde +0.1 
Points W/PIN W/O PIN | modulator 
(TP18) in 
gr 


ound | TP20 and TP20A | + 1.63 +10.77 +20 
(see Note) 
(TP8) 
— 0.25 -10.02 


ground | TP19 and TP19A | + 1.61 +10.73 +16 


(TP7) 
—10.02 -10.05 —30 


TP17 and TPI7A | + 7.97 + 8.61 


Note: Set front panel Amplitude setting to +16.0 dBm. 


If operation is normal, continue troubleshooting with step 3. 
Otherwise, troubleshoot the driver circuitry which is not normal. 


Down 
Converter 
(.01<f<120) 


Mid Band 
(120<f<640) 


Doubler 
(640<f<1280) 


3. Set the front panel amplitude to +10 dBm. Set front panel frequency 
to 500.0 MHz. The switch on A4A7 should be in the test position 
(down) and TP6 should be open. This turns the RF off as far as the 
modulator can. In this condition the AGC comparator (TP5) should 
go to its maximum positive output value as shown in the table, 
below. 


“tonion [wee [ei 
RF Off —1.83 Vde +0.03 Vde +7.80 Vde 
RF On —1.83 Vde +4,52 Vdc —6.69 Vde 
Ground TP6 and short TP19 and TP19A together. This should turn 


the modulator fully on (RF on). The AGC comparator should go to 
its most negative value as shown in the table. 


If the comparator output goes from its positive extreme to its nega- 
tive extreme, the comparator is functioning normally. Otherwise 
there is a problem with the comparator circuitry. 


Reverse Power Driver, Attenuator 
A3A1 
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Figure 8-522. A4A7 Output Section AGC Component Locations 
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Figure 8-523. A4A7 Output Section AGC Block Diagrams 
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Figure 8-524. A4A7 Output Section AGC Schematic 
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SERVICE SHEET 38 
A4A8 MODULATION DIVIDER 


TROUBLESHOOTING HELP 
Block Diagram F 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The purpose of the Modulation Divider (A4A8) is to develop the 400 Hz 
and 1000 Hz internal modulation signals and the FM Loop Error 
Voltage. The internal modulating signals are derived by dividing 
down the 10 MHz signal from the Reference Section. The FM Loop 
Error Voltage is developed by comparing the VCO output with a 10 
MHz reference signal. The Modulation Divider consists of two major 
sections which are the Phase Detector Circuitry and the Internal 
Modulation Dividers. 


Phase Detector Circuitry 


The Phase Detector Circuitry compares the phase difference between 
the reference signal (FM 10 MHz Reference Signal) and the output of 
the VCO (FM Loop N-Divider Drive), then generates a voltage propor- 
tional to the phase error. Both input signals are first divided down 
to 100 kHz before they are compared by the FM Loop Phase Detector, 
U4. The 10 MHz signal from the Reference Section is divided by a total 
of 100. This signal becomes the reference input to the phase detector. 
The 140 MHz VCO output is divided by a total of 1400. This signal 
becomes the variable input to the phase detector. 


The Phase Detector, U4, is a digital phase detector that generates 
output pulse widths proportional to the phase difference between the 
two input signals. If the variable 100 kHz signal is lower in frequency 
or lags the reference input in phase, the output on pin 13 generates 
a pulse (see figure 8-525). When the variable input is higher in fre 


nig ene PHASE DETECTOR 


' 
' | 

100 kHz | 

REFERENCE ou UL 


SIGNAL 


Figure 8-525. Phase Detector Operation 
(Variable Input is Lower in Frequency than Reference Signal) 


quency or leads the input in phase the output on pin 2 generates a 
pulse (see figure 8-526). 
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400 kHz 
REFERENCE 
SIGNAL 


Figure 8-526. Phase Detector Operation 
(Variable Input is Higher in Frequency than Reference Signal) 


Following the FM Loop Phase Detector are the Switch, Low-Pass 
Filter, and Integrator circuits. In a phase-locked condition the switch 
circuit (gates U8A and U3D) is enabled, allowing the output pulses 
from the phase detector to pass through. The Low-Pass Filter and the 
Integrator convert the pulses into a voltage. This becomes the FM Loop 
Error Voltage. Each pulse causes a given amount of charge to be placed 
on the integrating capacitors, C1l and C12. 


When the FM Loop is disabled the switch circuit prevents the phase 
detector output pulses from reaching the Integrator. To prevent the 
Integrator’s output from slewing against the power supply rails when 


_the FM Loop is disabled, R20 is shunted across the integrating 


capacitors. 


When no modulation signal is applied, the error voltage developed by 
the Phase Detector Circuit is dependent on the frequency and phase 
of the 140 MHz VCO. In the phase-locked FM mode the error voltage 
is also dependent on the instantaneous frequency deviation. As long as 
the modulation rate is well above the FM Loop’s bandwidth, which is 
about 6 Hz, the error voltage caused by the modulation signal is negli- 
gible. Phase-locked FM is possible down to modulation rates of 20 Hz. 
Modulation rates below 20 Hz result in the gradual cancellation of the 
modulating signal because the phase-locked loop can now start 
responding to the modulation signal. 


An overmodulation condition exists when the peak deviation of the 140 
MHz VCO exceeds the limit or range of the phase detector, U4. This 
overmodulation condition is detected by monitoring the output of the 
phase detector. The outputis first filtered by a Low Pass Filter consisting 
of R11 and C7. The output waveform from the low pass filter is similar 
to a half wave rectified sine wave. This signal is monitored by the 
Overmodulation Detector (located on the Modulation Drive A4A9) 
which is a peak detector circuit. If the output waveform from the low 
pass filter exceeds 1 volt peak, the Overmodulation Detector is 
triggered. 


Internal Modulation Divider 


The Internal Modulation Divider divides the 100 kHz signal from the 
+ 100 (Reference) dividers to obtain the 400 Hz and 1000 Hz internal 
modulation signal. In the 1000 Hz mode counters U7A-U7D are en- 
abled, dividing the 100 kHz signal by a total of 100. In the 400 Hz mode, 
U7B, U8B, U8C, and U8D are enabled. This combination of dividers 
provides a divide number of 250. 
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The1 kHz and 400 Hz control lines are used to select the proper counter 
combinations. Note, simultaneous 1 kHz and 400 Hz output are not 
possible. If both the 400 Hz and 1000 Hz control lines are high, all of 
the counters are disabled and the Int/Ext control line goes high. A 
high Int/Ext control line indicates that an external modulation source 
has been selected. 
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Figure 8-527. A4A8 Modulation Divider Component Locations 
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Figure 8-528. A4A8 Modulation Divider Block Diagrams 
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Reference designations within outline (— — ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly Al is A1R1, Designations of 
other components are complete as shown. 
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Figure 8-529. A4A8 Modulation Divider Schematic 
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TROUBLESHOOTING HELP 
Block Diagram F 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The FM VCO (A4A6) generates the frequency modulated 20 MHz 
signal. The FM signal is generated by applying the modulation signal 
to the varactor diode that forms part of the oscillator’s tank circuit. 
The FM VCO has two primary outputs. One is the 140 MHz VCO output 
which jis used to lock the loop and the other output is the frequency 
modulated 20 MHz signal. The 20 MHz FM signal is developed by 
heterodyning the 140 MHz VCO output with the 120 MHz signal from 
the Reference Section. The primary inputs are the modulation signals 
and the FM Loop Error Voltage which is used to lock the loop. 


140 MHz Voltage Controlled Butler Oscillator (VCO) 


Q1, Q2 and associated components form the 140 MHz Voltage Con- 
trolled Oscillator. Q1 is a common-gate FET amplifier with the tank 
circuit located in its drain circuit. The signal developed in the tank 
circuit is coupled to the gate of Q2 by C13. Q2 acts as a source follower 
in the feedback circuit, providing a high impedance at its gate anda 
low output impedance at its drain. Q2 amplifies the feedback signal 
and feeds the signal back to Q1 to sustain oscillation. 


The 140 MHz VCO is both frequency modulated and phase locked by 
varying the reverse-bias voltage across the varactor diode. An increase 
in the reverse-bias voltage reduces the junction capacitance, which 
increases the resonant frequency of the tank circuit. This causes the 
VCO to oscillate at a higher frequency. When the FM Loop is phase 
locked the center frequency is always 140 MHz. 


Gain Limiting and Mixer Circuit 


The 140 MHz signal developed across the tank is coupled to Limiter, 
U1. The Limiter acts as a buffer amplifier for the VCO and provides 
a constant level output. One output from the Limiter is used to phase 
lock the loop. The other output is applied to the RF port of the double 
balanced mixer, U2. The Mixer heterodynes the 140 MHz VCO output 
with the 120 MHz signal to produce the 20 MHz FM signal. 


Shaping Network and Shaping Network Bias 


Due to the nonlinear tuning characteristic of the varactor diode and the 
large amount of shunt capacity used in the resonant circuit, a Shaping 
Network is required. The Shaping Network conditions the modulation 
signal applied to the varactor to ensure that the frequency change is 
linear with the applied voltage. 


The Shaping Network consist of a ladder of diodes that are reverse 
biased, in sequence, at a voltage higher than the reverse bias on the 
diode previous to it. As the input signal level increases (negative 
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direction) the diodes successively become forward biased, in sequence, 
and present a lower impedance to the input signal. 


The Shaping Network Bias circuit acts as a voltage supply for the 
resistor-diode network and for Q3. The bias voltage is about +14.1 Vdc. 


Voltage to Current Converter 


The various input signals (the FM Loop Error Voltage, DC Offset and 
the modulating signals) are summed at the emitter of Q5. Q5 operates 
in the common-base mode with the inputs applied at its emitter. The 
base is biased one diode drop above ground, therefore the voltage at 
the emitter is approximately zero volts. 


Loop and Aux FM Switch 


Q6 and Q7 are JFETs used as analog switches. The FM Loop Enable 
and the Aux FM Switch Drive lines are the control lines that drive the 
JFET switches either ON or OFF. To maintain the JFET switches in 
the ON state, the control lines are biased to approximately +9 Vdc. 
This reverse biases both diodes, CR1l and CR2, and the gates are 
essentially left floating. To turn the JFET switches OFF, the control 
lines are biased to approximately —19 Vdc. This voltage forward biases 
both diodes, and clamps the gates at a negative voltage. This negative 
voltage at the gates effectively pinches off the JFETs (OFF state). 


Loop switch, Q6, is used to disable the FM Loop Error Voltage. The 
Aux FM switch, Q7, isolates the modulation signal from the Aux 
FM Input. 


Phase Lock Detector 


The Phase Lock Detector consists of two comparators that form a 
window comparator circuit. This circuit determines if the FM Loop 
Error Voltage lies between two preset voltage limits (the window). 
R41, R42, and R43 form a voltage divider that establishes the upper 
and lower voltage limits. The upper and lower voltage limits, +1.39 Vdc 
and —1.34 Vdc respectively, are applied to the inverting input of com- 
parator U3A and U8B. When the error voltage is within the voltage 
window, indicating the FM Loop is phase locked, the output from the 
comparators will remain high. If the error voltage lies outside the 
voltage window, one of the comparators will go low, turning the Out of 
Lock Indicator on. 


TROUBLESHOOTING 


If any components in the 140 MHz Voltage Controlled Butler Oscilla- 
tors fail, the A4A6 assembly may have to be replaced. Resistors R21- 
R24 are selected to match the characteristics of the oscillator. Changing 
a component in the oscillator could change the characteristics enough 
to require new selected resistors. The selection process requires a 
special test fixture and is very time consuming; therefore, it cannot 
be done in the field. To check if a new board is needed, replace the 
defective component and measure FM distortion with 100 kHz devia- 
tion. If FM distortion is within the specifications listed in Table 1-1, 
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the repair is successful. However, if FM distortion is not within the 


specifications, the board will have to be replaced. The varactor (CR9) 
is the most critical component. 
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Figure 8-530. A4AG FM Loop VCO Component Locations 
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Figure 8-531. A4A6 FM Loop VCO Block Diagrams 
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Figure 8-532. A4A6 FM Loop VCO Schematic 
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TROUBLESHOOTING HELP 
Block Diagram F 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The purpose of the Modulation Drive(A4A9Q) is to steer the modulation 
signal to the proper modulating circuits and to vary the amplitude of 
the modulation signal. The Modulation Drive can accept either inter- 
nal or external modulation inputs. 


The internal modulation signal, 400 Hz or 1000 Hz, comes from the 
Modulation Divider (A4A8). The signal from the Modulation Divider is 
asquare wave(TTL output). By passing this signal through the appro- 
priate low-pass filter, the square wave signal is converted into a sine 
wavesignal. The sine wave signal is then fed into the Modulation Level 
DAC. The Modulation Level DAC acts as a digitally controlled 
potentiometer (attenuator). This circuit controls the amplitude of the 
modulation signal. The output from the Modulation Level DAC circuit 
is then routed to the appropriate AM or FM modulation circuits. In the 
AM mode the amplitude of the modulation signal determines the AM 
depth. In the FM mode the amplitude of the modulation signal 
determines the peak deviation. 


The external modulation signal is coupled to the Modulation Drive 
through the front panel Modulation input jack. The external modula- 
tion signal can be either AC or DC coupled into the Generator’s 
modulation section. This is controlled by the AC/DC Switch. A 1V 
peak signal must be applied for calibrated external modulation. The 
External Source Level Monitor circuit controls the two front panel 
annunciators which indicate when the applied signal is either above 
or below 1V peak. For simultaneous FM (internal) plus AM (external) 
modulation, the external modulation signal is routed around the 
Modulation Level DAC circuit and applied directly to the AM circuit. 


JFET Switches and Switch Drivers 


The Modulation Drive uses several J FETs (Q1-4, 6, 13, 14, 16) as analog 
switches. These JFETs are used to control the passage of analog 
signals. Figure 8-533 is a block diagram of aJ FET used as an analog 
switch. Switch Drivers (U5, U7, and U8) are used to translate the TTL 
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INPUT OUTPUT 
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CONTROL 


SWITCH 


DRIVER 


Figure 8-533. Simplified Block Diagram of JFET Used as an Analog Switch 
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level inputs to the appropriate levels to drive the JFET switches on 
and off. The output from the Switch Drivers swings from approxi- 
mately —19 Vdc (off) to about +9 Vdc (on). 


Figure 8-534 is aschematic of atypical JFET switch and driver circuit. 
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Figure 8-534. Schematic of a Typical JFET Switch and Driver Circuit 


To maintain a JFET switch in the ON state, the potential at its gate 
should be at or near zero volts with respect to its source. When the 
output from the Switch Driver is about +9 V, both diodes are reversed 
biased. Since no current can flow through either diode, the gate is 
essentially left floating. This allows the JEET switch to pass the 
analog signal. 


To drive the JFET switch OFF the Switch Driver’s output goes nega- 
tive by approximately —19 V. This negative voltage forward biases 
both diodes, clamping the gate at a negative voltage. This negative 
voltage at the gate effectively pinches off the JFET, preventing the 
passage of the analog signal. 


1 kHz and 400 Hz Low-Pass Active Filter 


The 1 kHz and 400 Hz signals from the Modulation Divider (A4A8) 
are approximately square waves (TTL output). The 1 kHz and 400 Hz 
Low-Pass Active Filters remove the harmonics from the internal mod- 
ulation signals to produce purer waveforms (sine waves). Both the 1 
kHz and 400 Hz Active Filters are identical in configuration, but the 
resistor and capacitor values are adjusted for different cutoff 
frequencies. 


DC Offset Circuit 


The DC Offset Circuit provides an input offset current to the inverting 
input of U1C and U1D. This input offset current causes a dc offset at 
the output of U1C and UID. This dc offset voltage is used to bias Q11 
in its active region. The purpose of Q11 is to amplify the output signal 
from either the 1 kHz or 400 Hz active filter. Simultaneous 1 kHz and 
400 Hz internal modulation rates are not possible in this instrument. 


Input Amplifier 


The Input Amplifier provides gain and serves as a buffer between the 
external modulation source and the modulation circuits. The Input 
Amplifier is a discrete component operational amplifier used in the 
noninverting configuration. Signal gain is determined by the feed- 
back components R35 and R36. Transistor Q7 and Q8 form a constant 
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current source that provides two precisely matched currents for Q10 
and Q9. Q5 serves as an output stage for the amplifier. 


External Source Level Monitor 


The External Source Level Monitor controls the two front panel 
annunciators which indicate when the external modulation source is 
either above or below 1 volt peak. The external source annunciators 
are only valid if the external source signal is greater than 20 Hz. A 
repetition rate below 20 Hz causes the external source annunciators 
to flash (flash rate is dependent on repetition rate). 


The External Level Monitor consists of a pair of retriggerable mono- 
stables and two comparators which form a window comparator circuit. 
This circuit determines if the positive peak (E-peak) of the external 
modulation signal from the Input Amplifier lies between two estab- 
lished voltage limits (the window). As long as E-peak remains within 
the window the outputs of the monostables U3A and U8B will remain 
in the high state. If E-peak lies outside the window one of the mono- 
stable outputs, depending whether E-peak is above or below 1V peak, 
will go low signaling the DCU to turn on the corresponding 
annunciator. 


R46 through R50 form a voltage divider network that establishes the 
upper and lower voltage limits. If E-peak is within the window, com- 
parator U2B will change state every time E-peak crosses the lower 
voltage limit. This causes monostable U3B to be continuously re- 
triggered so that its output (pin 5) remains in the high state. If E-peak 
is below the lower voltage limit the output of U2B remains low, dis- 
abling U3B. This makes the output of U3B (pin 5) low, causing the 
DCU to turn on the external source LO annunciator. 


If E-peak exceeds the upper voltage limit, indicating that the external 
source is greater than 1V peak, comparator U2A will go high every 
time E-peak crosses the upper voltage limit. This causes monostable 
U3A to be continuously retriggered so that its output (pin 4) remains 
low. This low causes the DCU to turn on the external source HI 
annunciator. 


Modulation Level DAC 


The Digital to Analog Converter (DAC) U9 and operational amplifier 
U4 form a digitally controlled attenuator. This attenuator is used to 
vary the level of the modulation signal. The degree of attenuation is 
determined by the digital input code, MA@ through MAY. 


U9 is a 10-Bit DAC that internally consists of a resistor ladder network 
and a series of analog switches that route currents into a common 
output node as directed by the digital input code. The magnitude 
of the output current is dependent on the digital input code and the 
potential at the Vref input (pin 15). Operational amplifier U4 converts 
the current from the DAC into a voltage. 


Modulation Level Control lines MA@ through MA9 provide a total of 
1024 possible attenuation settings, although not all bits are used. A 
digital input code of 1000 corresponds to the minimum attenuation 
setting possible in this instrument (see Figure 8-535). All other output 
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Figure 8-535. Modulation Level DAC at Minimum Attenuation Setting 


levels are referenced to this level. For example, for a digital input code 
of 500 the output level will be 500/1000 (50%) of the reference level. 
Figure 8-536 illustrates this example. To provide better resolution at 
lower modulation levels (below 10% of reference level) the x 0.1 Output 
Switch is enabled to divide the output signal from U4 by a factor of 10. 
To compensate for this additional attenuation the digital input code 
is multiplied by a factor of 10 (see Figure 8-536). Multiplying the digital 
input code by 10 increases the resolution. 
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Figure 8-536. Modulation Level DAC at 50% or 5% Output Level 
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PRINCIPLES OF OPERATION 
General 


The Reference Divider divides the 10 MHz reference 
signal down to 100 kHz which is used as the refer- 
ence signal to the phase detector. This assembly also 
generates the sample pulse signal that clocks the 
sample-hold circuit at the proper time. 


Service 


Shaper 

The shaper network consists of a diode clamping 
network and a differential amplifier. It provides the 
analog-to-TTL conversion. 


Reference Divider 


U1 and U4 form the +100 circuit which divides the 
10 MHz input signal to produce the 100 kHz phase 
detector reference signal. 


Sample Pulse Generator 


The function of the sample pulse generator is to 
produce a 500 ns pulse that is delayed by 1 us from 
the leading edge of the phase detector reference 
signal. This is accomplished by detecting a state in 
the +100 divider which corresponds to the desired 
delay time. 
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Figure 8-601. A5A4 Fractional-N Loop Reference Divider Assembly Component Locations 
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Figure 8-603. A5A4 Fractional-N Loop Reference Divider Assembly Schematic 


Figure 8-602. A5A4 Fractional-N Loop Reference Divider Assembly Block Diagrams 
8-603 
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PRINCIPLES OF OPERATION 
General 


The purpose of the Fractional-N Loop Phase Detector (A5A3) is to 
develop the FN Loop Error Voltage which is used to tune the VCO. This 
FN Loop Error Voltage (tuning voltage) is developed by integrating 
currents from the Phase Detector circuit, the Fractional-N Correction 
Pulse Width to Current Converters, and the Bias Sink circuit. These 
currents are integrated together by the Current Summing Amplifier 
to develop a voltage. The Sample and Hold circuit samples the voltage 
output from the Current Summing Amplifier once each reference 
period and at the same time during each reference period. The sampled 
voltage becomes the FN Loop Error Voltage. 


When the Fractional-N Loop (FN Loop) is phase-locked, the tune volt- 
age must be a constant de value. This means the voltage output from 
the Current Summing Amplifier must be the same at every sample 
period. In order to meet this condition the total of the currents being 
integrated must be the same each reference period. To look at it another 
way, the currents entering the summing node must equal the currents 
leaving the summing node in order for the tune voltage to remain 
constant. This concept, that when the FN Loop is phase-locked, the 
currents entering the summing node equal the currents leaving the 
node is true for all conditions, that is, for the condition when the loop 
runs without a fractional part and for the condition when it has a frac- 
tional part. The difference is that when the loop operates with no 
fractional part the output from the Phase Detector circuit remains 
constant. However, when the loop operates with a fractional part, the 
output from the Phase Detector circuit no longer remains constant but 
varies from reference period to reference period. To compensate for the 
changing phase detector output the outputs from the Fractional-N 
Correction Pulse Width to Current Converters must also change. For 
example, ifthe Phase Detector circuit supplies less current to the sum- 
ming node, the Fractional-N Correction Pulse Width to Current 
Converters must supply more current so that the current entering the 
summing node is always a constant value. 


Phase Detector 


The Phase Detector consists of a pair of flip-flops, U5A and B, and 
gates U4D and USC. The purpose of the Phase Detector is to generate 
a pulse width proportional to the phase difference between its two 
input signals, the FN Loop IF (VCO/N) and the FN Loop @ Det 
Reference (reference). Normally the FN Loop operates with a slight 
phase offset when the loop is phase-locked. This phase offset is due to 
the constant current being drawn from the summing node by the 
Bias Sink circuit. Figure 8-604 shows the phase relationship between 
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Figure 8-604. ASA3 Fractional-N Loop Phase Detector Input and Output Waveforms 
(Phase-Locked and No Fractional Part} 


the VCO/N signal and the reference signal when the loop is phase- 
locked and has no fractional part. Note that the two signals are equal 
in Frequency but are out of phase. This phase offset is normally about 
250 ns. 


This phase offset causes the Phase Detector (U5A) to generate a 250 ns 
negative-going pulse every reference period (See figure 8-604). The 
other Phase Detector output (U5B) is normally only a glitch (which 
is filtered out) when the loop is phase-locked. U5B should only generate 
a pulse output during the acquisition of lock. 


In a phase-locked condition the amount of current drawn from the 
summing node is equal to current driven into the node. When the FN 
Loop operates without a fractional part, the phase detector generates 
a constant pulse width every reference period. This results in a con- 
stant amount of current being driven into the summing node from the 
phase detector current source (IDET) each reference period. Currents 
from the Fractional-N Correction circuit (I1, Ig and Ig) also remain 
constant, therefore, the total current entering into the summing node 
is always a constant value each reference period. 


Now when the loop operates with a Fractional part, the VCO/N signal 
and reference signal no longer equal each other, hence the phase detec- 
tor no longer generates a constant pulse width each reference period. 


NOTE 


If the N-Divider (A5A2) is in the divide by N mode, the 
VCO/N signal starts to lag the reference frequency, which 
results in a series of decreasing pulse width signals from the 
phase detector. Conversely, if the N-Divider is dividing 
by N-1, the pulse width from the phase detector starts to 
increase. 


For example, if the N-Divider is in the divide by N mode, the output 
pulses from the phase detector start to decrease in duration each refer- 
ence period. This causes the phase detector current source, IDET, to be 
connected to the summing node for shorter periods each reference 
period. At the same time correction current from the Fractional-N 
Correction circuit is increasing (Correction Pulses duration increas- 
ing). The net result is that the decreasing phase detector current is 
compensated by the increasing correction currents so that the total 
current contributions from the Phase Detector and the Fractional-N 
Correction circuits to the summing node are always a constant value. 
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Level Translators, Diode Switches and Current Sources 


Following the Phase Detector are Level Translators, and Diode 
Switches and Current Sources. These circuits convert the digital out- 
puts from the Phase Detector into currents. There are two types of Level 
Translators and Current Sources used. One type uses an active current 
source and a differential amplifier arrangement to switch the Diode 
Switch on and off. Q4 and U3 form an active current source while 
CR17 and CR19 form the Diode Switch. Q1, Q2 and Q3 make up the 
differential amplifier that translates the TTL levels to the appropriate 
levels required to drive the Diode Switch on and off. When the output 
from the Phase Detector goes LOW, CR17 is reverse-biased and CR19 
is forward-biased, connecting the Current Source to the summing node. 
In the opposite state when the output is HIGH, CR17 is forward-biased 
and CR19 becomes reverse-biased, disconnecting the Current Source 
from the summing node. 


The Levels Translator, Diode Switch and Current Source which follow 
the output of U5B work in a similar manner, as described previously. 
The major difference is that the active current source is replaced simply 
by a resistor, and that the level shifting is done with a diode string 
instead of a differential amplifier. 


Out-of-Lock Detector 


The Out-of-Lock Detector monitors the two outputs from the Phase 
Detector to determine if the loop is unlocked. The Out-of-Lock Detector 
detects two unlock conditions. One condition is when the pulse width 
from USA exceeds about 700 ns. The other condition is when the output 
from U5B exceeds 100 ns. Note that the Loop should never be in a 
phase-locked condition when USB generates a pulse. Monostable U7 
stretches either the 100 ns or 700 ns pulse to give a continuous indica- 
tion that an unlocked condition exists. 


Fractional-N Correction Pulse Width To Current Converters 
(Fractional-N Correction) 


The purpose of the Fractional-N Correction circuit is to develop the 
signals that counteract the changing phase detector output when the 
loop is operating with a fractional part. The Fractional-N Correction 
circuit is comprised of Level Translators, Diode Switches and Current 
Sources. These circuits convert the Correction Pulses (TTL levels) from 
the Accumulator (A5A1) into currents. The Level Translators, Diode 
Switches and Current Sources are the same types which follow the 
Phase Detector circuit. For discussion of these circuits, refer to the Sec- 
tion titled Level Translators, Diode Switches and Current Sources. 


Each one of the Correction Current Sources, I1, 12, and I3, is connected 
to the summing node once during each reference period. The sequence 
of these currents are as follows: Correction current I3, Correction 
current Ig, and Correction current Ij. How long each of the Current 
Sources remains connected to the summing node depends on the 
negative pulse duration of its corresponding Correction Pulse. 


Current Summing Amplifier 


The Current Summing Amplifier is an integrator circuit. C34 is the 
integrating capacitor. When the loop is phase-locked the currents 
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being integrated are: IDET; 13; Ig; 11 and currents from the feedback 
network C32 and R54. 

Due to the different magnitudes of the various current sources and the 
different times the current sources are connected to the summing node, 
the output from the Current Summing Amplifier is continuously 
ramping up and down. Figure 8-605 illustrates the integrator waveform 
showing the contribution of the different currents. 
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Figure 8-605. Current Summing Amplifier Output Waveform 
showing the contributions of the different currents. 


Sample and Hold 


The circuits which make up the Sample and Hold circuit are the Diode 
Switch, Differential Amplifier, Guard Voltage Network, and the Buffer 
Amplifier. During each reference period, the four diodes which com- 
prise the Diode Switch are all forward-biased and the output of the 
Current Summing Amplifier is sampled. This sample voltage (VS) is 
stored in hold capacitor C47. During the hold period the Diode Switch 
is reversed-biased and the hold capacitor remains stored. The Buffer 
Amplifier, U1, which follows the hold capacitor, provides isolation and 
a low output impedance. 

The Buffer Amplifier is a unity-gain, noninverting amplifier. Feedback 
from this output is fed back to the summing node through C32 and R54 
for loop stabilizations. 

Switching of the Diode Switch is controlled by the Differential Ampli- 
fier. During the sample period, the Sample Pulse line goes high, 
causing the Differential Amplifier to supply current to the Diode 
Switch. The Differential Amplifier also provides current to the Guard 
Voltage Network during the hold period. 


The purpose of the Guard Voltage Network is to ensure that the voltage 
to be sampled does not itself forward-bias the Diode Switch during the 
hold period. The guard voltages (the collector voltages of Q7 and Q11) 
are balanced and centered around the last sample voltage. About 2ma 
of current flows through the Guard Voltage network during the hold 
period. This causes a voltage drop of 4V (guard voltages) across CR28 
and R82 and across CR27 and R81 the guard voltages equal +6V and 
—2V for a sample voltage of +2Vdc (guard voltages = Vs + 4Vdc). 


TROUBLESHOOTING 


When a Fractional-N Loop problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the following 
procedure to isolate the cause of the problem. 
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1. Mount the A5A3 assembly on an extender board from the service 
kit. Move the slide switch on A5A3 to the TEST position (up) which 
opens the loop. 


2. Monitor TP3 with an oscilloscope. The waveform should be a dc 
level with small spikes. Measure the frequency of the signal at pin 
14 of the edge connector. 


Turn the PRETUNE-GAIN adjustment on the top of the A5A5 VCO 
assembly while monitoring the frequency at pin 14. Move the fre- 
quency above and below 100 kHz and check that the voltage at TP3 
goes to the values shown in the following table. If the voltages at 
TP3 are normal, continue troubleshooting with step 3. Otherwise, 
there is a problem with the basic phase detector circuitry so continue 
troubleshooting with step 4. 


Edge Connector A5A3 A5A3 A5A3 
Pin 14 TP3 TP2 TP1 
Frequency (kHz) (Vdc) (Vdc) Vdc) 


>100 kHz +18 +16 +15 
<100 kHz mal —T =!) 


3. Repeat the measurement made in step 2 while monitoring TP2 and 
then TP1. Compare the measured values to the normal values in 
the table above. 


If the voltage at TP2 is not normal, the differential amplifier or diode 
switch is bad. Shorting TP5 and TPSA together holds the amplifier 
and diode switch in the ON condition for troubleshooting. 


If the voltage at TP1 is not normal but the voltage at TP2 is normal, 
the problem is in U1 or associated circuitry. 


4. Turn the PRETUNE-GAIN adjustment on A5A5 so the frequency at 
pin 14 of the A5A3 edge connector is greater than 100 kHz. Check 
that there are pulses on A5A3 TP4. 

Change the frequency at pin 14 to less than 100 kHz. Check that 
there are pulses on A5A3 TP8. 
If pulses are not present at one of the test points, troubleshoot from 


U5 to find the cause of the problem. If both pulses are present, the 
problem is with U2 or associated components. 
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Figure 8-607. A5A3 Fractional-N Loop Phase Detector Block Diagrams Figure 8-608. A5A3 Fractional-N Loop Phase Detector Schematic 
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TROUBLESHOOTING HELP 
Block Diagram G 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


The purpose of the VCO (A5AS5) is to generate an output frequency 
between 100 MHz and 200 MHz. The primary inputs are the pretune 
information, Digit Frequency DF4 and DF5, and the FN Loop Error 
Voltage. The output from the Pretune D/A Converter is used to tune the 
VCO close to the desired frequency and then the FN Loop Error 
Voltage is used to phase lock the loop. 


Voltage-Controlled Hartley Oscillator (VCO) 


Varactors CR10, CR11, and CR12, transistor Q11, and associated 
components comprise a voltage-controlled Hartley oscillator. Three 
varactors are used in parallel to provide the wide capacitance range 
required to tune the VCO. Feedback is obtained by tapping the induc- 
tive branch (L7) of the Tank Circuit. C32 and R84 couple the feedback 
signal back to the emitter of Q11 to sustain oscillation. 


The VCO is both pretuned and phase locked by controlling the reverse 
bias voltage on the varactor diodes. An increase in the reverse bias 
voltage causes a reduction in the junction capacitance of the varactor 
diodes. This reduction increases the resonant frequency of the Tank 
Circuit, causing the VCO to oscillate at a higher frequency. 


Signal Splitter and Buffer Amplifiers 


The signal developed across the resonant Tank Circuit is coupled to Q6 
by tapping inductor L7. Q6 amplifies the signal and applies the signal 
to the center tap winding of T1. T1 splits the power and adds isolation 
between the buffer amplifiers. The output from the Loop Buffer Ampli- 
fier is used to phase lock the loop. The output from the Output Buffer 
Amplifier goes to the Low Frequency Loop Section where it is combined 
with other signals. 


Shaping Network 


Due to the nonlinear tuning characteristics of the varactor diodes a 
Shaping Network is required. The Shaping Network conditions the 
pretune and error signals applied to the varactor in order to ensure 
that the frequency change is linear with the applied tuning voltage. 


The Shaping Network consists of a ladder of diodes that are reverse- 
biased at successively higher voltage. As the voltage at the collector of 
Q12 increases, the diodes turn on consecutively and present a lower 
impedance to the tuning signal. 


Current to Voltage Converter 


Common-base amplifier Q12 sums the output of the Pretune D/A Con- 
verter, current from the +20V source (R53) and the FN Loop Error 
Voltage from the phase detector. The voltage at the emitter (summing 
point) is always near zero volts since the base of Q12 is biased one 
diode drop below ground. 
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Pretune D/A Converter 


The output from the Pretune D/A Converter roughly tunes the VCO to 
a frequency within the capture range of the phase lock loop. The Pre- 
tune D/A Converter cannot, by itself, set the VCO precisely. 


Op amp, U1, is connected in the inverting amplifier configuration. Its 
output voltage is programmed by Frequency Digits DF4 and DF5. 
Figure 8-609 is a simplified schematic of the Pretune D/A Converter 
Circuit. 


i} 
OPEN COLLECTOR 
OUTPUTS 


Figure 8-609. Simplified Pretune D/A Converter Circuit 


To better analyze how this circuit works, assume that the op amp (U1) 
is ideal. That is, its gain and bandwidth are both infinity, the input 
currents and offset are both zero, and there is zero potential difference 
between the two input terminals. The output voltage, EQUT, is 
dependent on the feedback current, If, that flows through R21 and 
R24. In the ideal inverting amplifier configuration the feedback 
current must equal the input current (ITN = IF). The magnitude of the 
input current I[N is dependent on the potential across R18 and R20. 
In this circuit the magnitude of I[N remains constant at all times. 


If the outputs of U2 are all HIGH (open), there is no current flowing 
through the pull-up resistors, R11-R16. Hence, the input and feedback 
currents equal each other. Now, when any of the outputs of U2 goes 
LOW, current starts flowing into the (—) input node through the pull-up 
resistors. I[N is no longer equal to Ip, ITN now equaling If + I. Since 
the value of ITN has to remain constant, the feedback current has to 
decrease so equilibrium is maintained. A decrease in If causes the 
output voltage, EQUT, to decrease in magnitude. 


Speed Control Circuit 


The Speed Control Circuit monitors the output from the Pretune D/A 
Converter circuit. When a change in the pretune voltage is detected, the 
Speed Control Circuit drives the J-FET switch (Q9) ON. U4B and U4D 
are comparators. U4B detects a negative going transition while U4D 
detects a positive going transition. When either transition is detected, 
the monostable U3 is triggered. This causes comparator U4A to go 
HIGH which then turns ON J-FET switch Q9. 


Speed-Up Switch and Low-Pass Filter 


J-FET Q9 is connected in parallel with R42, so when Q9 is turned ON 
C27 is allowed to charge or discharge at a faster rate. Hence, voltage 
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stored on the capacitor tracks the pretune voltage at a faster rate. Q13° 
and Q14 form a buffer amplifier that couples the pretune voltage to 
the emitter of Q12. 


To maintain the J-FET switch in the ON state, the gate is biased witha 
A5A5 ASSEMBLY 


positive voltage. To turn the J-FET switch OFF, the gate is biased with PRETUNE 
OFFSET @®& GAIN 


a negative voltage. 
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Figure 8-610. A5A5 Fractional-N Loop VCO Component Locations 
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Figure 8-612. A5A5 Fractional-N Loop VCO Schematic 
8-607 


Figure 8-611. ASA5 Fractional-N Loop VCO Block Diagrams 
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PRINCIPLES OF OPERATION 
General 


The purpose of the N-Divider (A5A2) is to divide the Fractional N (FN) 
Loop VCO frequency (FN Loop N-Divider Drive) down to 100 kHz. The 
100 kHz output signal, F'N loop IF, is one input to the FN Loop’s phase 
detector. The N-Divider consists of programmable digital dividers 
(counters) which divide down the VCO frequency. The N-Divider can 
divide by integers from 1001 through 2000. The frequency digits, DF3, 
DF4 and DF5, determine the divide by N number. In addition the 
divide by N number can be changed to N-1 by the N-Divider Control 
(NDC) signal from the Accumulator (A5A1). 


Fractional division is accomplished by dividing by N for a number of 
times and then by N-1 for a number of times. The fractional N is then 
the average of N and N-1. The N-Divider can divide by a fractional part 
that has three significant places, for example, a fractional N of 1000.001. 


+ 10/11 Prescaler Counter 


The + 10/11 Prescaler Counter, U1, is an ECL device which can be 
programmed to divide by 11 or 10. At the beginning of each reference 
period the + 10/11 Prescaler Counter divides by 11. It later starts 
dividing by 10 and remains in the + 10 mode until the end of the 
reference period. How long it continues to divide by 11 is determined by 
the + 10/11 Control Circuit. One output from the + 10/11 Prescaler 
Counter, the Prescaled Oscillator signal (PSO), goes to the Accumu- 
lator (A5A1) where it is used as a clock. Note during the time when the 
Correction Pulses are generated this clock equals the VCO frequency 
divided by 10. 


+ 10/11 Control Circuit 


The purpose of the + 10/11 Control Circuit is to control the modulus (10 
or 11) of U1. Frequency digit DF3 along with the NDC line determine 
how long U1 divides by 11 each reference period. Frequency digit DF3 
presets the Programmable Decade Counter (U8) while the NDC line 
controls the terminal count of the Terminal Count Decoder (18). 
Normally the terminal count is 18 except when the NDC line goes high. 
When the NDC line goes high the terminal count changes from 18 to 17. 
Changing the terminal count of the Terminal Count Decoder (18) from 
18 to 17 effectively causes the N-Divider to divide by N-1. 


U8 starts to count up from its preset value to the terminal count. When 
counter U8 reaches the terminal count the Terminal Count Latch 
(U7B) is set and on the next clock the Terminal Count Latch output 
goes high. This causes counter U1 to start dividing by 10. 
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Programmable Counters 


The Programmable Counter counts all the pulses out of the + 10/11 
Prescaler Counter. Frequency digits DF4 and DF5 preset the Pro- 
grammable Decade Counters U6 and U9 respectively. These counters 
count from the preset count to the count of 196. The count of 196 is 
determined by the Terminal Count Decoder (196). When the count 
reaches 196 the Terminal Count Switch is set up to change state on the 
next pulse from U1. The output from the Terminal Count Switch (U3B) 
is fed back to reset both the Programmable Counter and the + 10/11 
Control Circuit. 


When the loop is phase-locked the output from the Terminal Count 
Switch is a 50 to 100 ns pulse with an average pulse repetition rate of 
100 kHz. 


TROUBLESHOOTING 


When a Fractional-N Loop problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the following 
procedure to isolate the cause of the problem. 


There are two types of procedures covered by this procedure. 
1. No output pulses produced by A5A2 assembly. Begin trouble 
shooting with section I of the procedure. 


2. Output pulses produced by A5A2 assembly are at the wrong 
frequency. Begin troubleshooting with section II of the procedure. 


No output pulses. 
1. Mount the A5A2 assembly on its extender board. 


2. Usea logic probe and check for pulses at the outputs of U3B (pins 
9 and7). If pulses are present, the problem is between U8B and the 
edge connector. If no pulses are present, continue with step 3. 


3. Check the output of U2A pin 12 (TP2). This signal should bea TTL 
pulse train. Check that the signal assumes valid high and low 
TTL logic levels. If this signal is not normal, the problem is in the 
prescaler (U1) or translator (U2A), or one of the counters (U6B, 
U8B, U3B) is pulling down the output of U2A. If this signal is 
normal, continue with step 4. 


4. Connect a jumper between TP4 and TP4A which will allow 
counters U6 and U9 to free-run. Check that these counters are 
counting by touching a logic probe to the outputs. Flip-flop U8A 
should be set. The outputs of U5A (pin 12) and USC (pin 8) should 
be normally low but go high when the counters reach the value 
they are decoding so a logic probe touched to these pins should 
blink. 


Ifthe counter circuitry is normal, the problem is with the terminal 
count switch. 


Output pulses of wrong frequency. 
1. Mount the A5A2 assembly on its extender board. 


2. Connect an extender cable from the service kit between A5A2J1 
and A38A4J2. This cable routes the output of the LF N-loop to the 
input of the A5A2 N-divider assembly. 
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3. Set the 8662A front panel frequency to 327.8 MHz. This sets the 
LF N-loop output to 200.0 MHz. 


4. Short test points TP4 and TP4A together. This holds flip-flop U7B 
in the set condition (TP1 high) which keeps counter U1 in the 
+10 mode. Measure the frequency at TP2 with the high impedance 
input of a frequency counter. The frequency should be exactly 
20.0 MHz. If it is not, the problem is with flip-flop U7B, counter 
U1 or associated components. 


5. Remove the short between TP4 and TP4A. Connect a jumper 
between TP3 and ground. This holds flip-flop U7B in the clear 
condition (TP1 low) which keeps counter U1 in the + 11 mode. 
Measure the frequency at TP2. The frequency should be 18.181818 
MHz (200 + 11). If it is not, the problem is with flip-flop U7B, 
counter U1 or associated components. 


6. Remove the jumper from TP3. View the signal at TP1 on an 
oscilloscope. The waveform should bea TTL negative going pulse 
approximately 1.1 usec wide. Set the frequency increment to 100 
Hz. Pushing the INCREMENT | key should decrease the pulse 
width in 55 usec steps. 


If there are no pulses on TP1, the problem could be the pulses 
coming from flip-flop U3B. Check TP3 for TTL negative going 
pulses (approximately 50 usec wide). The normal period of these 
pulses is approximately 10 usec, but any period greater than 1.5 
usec should allow the pulses on TP1, described above, to be pro- 
duced. If the TP3 pulses are not normal, continue troubleshooting 
with step 7. 


7. Remove the jumper from TP3. Short test points TP4 and TP4A 
together which makes the output of U2A (pin 12) exactly 20.0 MHz 
and puts counters U6 and U9 into a free-run mode. The output of 
U6 (pin 12) should be a 2.0 MHz signal and the output of U9 (pin 
12) should be a 200.0 kHz signal. 
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PRINCIPLES OF OPERATION 


General 


The purpose of the Accumulator (A5A1) is to determine when to + N or + N-1. The 
Accumulator computes the phase difference between the VCO/N (FN Loop IF) and the 
100 kHz reference (FN Loop Reference). This information is used to develop the N Divider 
Control signal (NDC) and the Correction Pulses. The Accumulator consists of three major 
sections which are the Algorithmic State Machine, Summing Circuitry, and the Digital 
to Pulse Converter. 


Algorithmic State Machine 


The Address Generator along with the State Controller form a small Algorithmic State 
Machine (ASM). The ASM generates a set of control signals or instructions which 
properly sequences the Summing Circuitry and the Digital to Pulse Converter. The 
control signals or instructions are determined by the program stored in ROM (U6). 


The ASM generates a total of seventeen instructions. The seventeenth instruction is a 
halt command which resets and disables the Address Generator (U1 and U2). The ASM 
remains in the halt state until the end of a reference period. A clock pulse, labeled 
Accumulator Clock, is generated at the end of each reference period. This pulse restarts 
the Address Generator and the whole sequence is repeated again. 


Summing Circuitry 


The fractional portion of the VCO frequency contains the information needed to develop 
the N Divider Control (NDC) and the Correction pulses. The fractional portion of the 
VCO frequency is entered into the Accumulator in BCD form (DF0 through DF2). These 
BCD lines, DFO through DF2, carry information which corresponds to the front panel 
frequency digits DO through D2. The Summing Circuitry takes the BCD data, adds it to 
the previous sum, and stores it in the Accumulator Registers (U10, U7, and U5). Each 
reference period the content of the Accumulator Registers is incremented by the frac- 
tional portion. The number stored in the Accumulator Registers corresponds to the dif- 
ference in phase between the VCO signal and the reference signal. When the accumulated 
total reaches or exceeds unity an NDC signal is generated. 


To better understand the operation of the Summing Circuit, let’s go through an example. 
When analyzing the operation of the Summing Circuitry it is better to view it in terms of 
reference periods. Let’s assume that the Accumulator Registers initially contains the 
number zero and the fractional portion equals the number 207, that is, DFO =7, DF1=0, 
and DF2 = 2. At the beginning of the reference period the Input Multiplexer selects the 
four BCD lines which corresponds to the DFO and steers the BCD data to the BCD Adder. 
The BCD Adder adds the DF0 number (7) to the number stored in U5. Since U5 contains 
the number zero, the resulting sum is just the number DFO. The sum is then latched into 
U10. At the same time the previous content stored in U10 is shifted into U7 while the 
previous content of U7 is shifted into U5 (shift right). This sequence is then repeated for 
both DF1 and DF2, respectively. Figure 8-616 shows the content of the Accumulator 
Registers after the end of one reference period. Note at the end of the reference period, DF0 
is stored in U5, DF1 is stored in U7, and DF2 is stored in U10. 
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SUMMING CIRCUITRY 
—— SHIFT DIRECTION —> 


———__$_—_—_ ACCUMULATOR ———,, 
OFO(7) 


DF1(0) INPUT 
MULTIPLEXER 


DF2(2) 


STORAGE LOCATION OF DFO, 1, AND 2 y 
AT THE END OF REFERENCE PERIOD 


Figure 8-616. Summing Circuitry Simplified Block Diagram Showing the 
Content of the Accumulator after each Reference Period. 


At the beginning of the next reference period DF0 is again selected first 
and steered to the BCD Adder. DF0 is added to the content stored in U5 
which now contains the result of the previous addition of DF0. Again 
this sequence is repeated for DF1 and DF2. The net result is that the 
content of the Accumulator Registers is incremented by the fractional 
portion every reference period. Table 8-601 illustrates this point. 


Table 8-601. Accumulator Registers Content Versus Reference Periods 


= FRACTIONAL N LOOP =, 
INTEGER FRACTION PORTION 

PORTION (Accumulator Register) 

No. of i, Tt ame, 
Ref. Periods _ DF2 OF  ODFO 


CARRY, NDC COMMAND GENERATED —> 1 


OoOnmnorprANIS 


0 0 
2 0 
4 1 
6 2 
8 2 
0 3 
2 4 
4 4 


X = IRRELEVANT 


Whenever the addition of DF0 and DF1 results in a carry, the carry is 
circulated back to the BCD Adder and is added to the next most sig- 
nificant digit. The NDC signal is generated only when the addition of 
DF2 results in a carry. During the interval when the addition of DF2 
occurs the N Divider Control Detector receives a clock pulse. This pulse 
latches the carry information and outputs it to the N Divider (A5A2). 


Digital To Pulse Converter 


The purpose of the Digital to Pulse Converter is to develop the Cor- 
rection Pulses 1, 2, and 3. The Correction Pulses are fed into the 
Fractional-N Loop Phase Detector (A5A3) which develop the signal 
that counteracts the changing phase detector output. The Digital to 
Pulse Converter converts the BCD information stored in the Accumu- 
lator Registers into pulses. These pulses occur only once during each 
reference period. The Decoder circuit controls the sequence in which 
the Correction Pulses are outputed while the Programmable Counter 
(U3) and the 15 Decoder (U4A and U4C) control the duration or width 
of the pulses. 
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The Decoder is comprised of three NAND gates (U12) which form a one 
to three multiplexer circuit. The Correction Pulses are generated one at 
a time. The Decoder steers the Correction Pulses to one of the three 
outputs. The order in which the pulses are outputed is Correction Pulse 
3, Correction Pulse 2, and Correction Pulse 1. 


The Programmable Counter along with the 15 Decoder determines 
the pulse width (negative going) of each Correction Pulse. The 15 
Decoder circuit causes the counter to reset when it reaches the count of 
15. The Programmable Counter is preset by the compliment of the BCD 
number stored in register U5. The Program Counter is clocked by the 
Prescaled Oscillator (PSO) signal. During the interval when the Cor- 
rection Pulses are being developed, the PSO frequency equals the FN 
Loop VCO frequency divided by ten. The time it takes for the Program 
Counter to count from its preset value to 15 determines the pulse width. 
The pulse width can be calculated by the following formula: 


Pulse Width = 10 X (number in U5 + 1) X VCO Cycle Wide 


For example if U5 contains the number 0, a 10 VCO cycle wide pulse is 
generated. If U5 contains the number 9, a 100 VCO cycle wide pulse is 
generated. Note if the FN Loop operates with no fractional part, the 
pulse width of the Correction Pulses remains constant from reference 
period to reference period, however if the loop is operating with a frac- 
tional part, the Correction Pulses will vary in duration every reference 
period. Also note, the pulse duration will be the longest when the phase 
difference is at its maximum value. 


TROUBLESHOOTING 


When a Fractional-N Loop problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the following 
procedure to isolate the cause of the problem. Signature analysis is 
used to troubleshoot this assembly. The normal operation of the A5A1 
assembly provides the stimulus needed to drive the HP 5004A Sig- 
nature Analyzer. Any special set-up requirements are listed under 
the signature tables. 


Set-up 


1. Mount the A5A1 assembly on an extender board from the service 
kit. 


2. Set the Signature Analyzer switches as follows: 


uP soon [—_Pustiutons 


START 
STOP 


CLOCK 
HOLD 
SELF TEST 


3. Connect the Signature Analyzer to the A5A1 assembly as follows: 


HP 5004A A5Al Assembly 


U11 pin 6 


U11 pin 6 
U2 pin 6 
TP4A 
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4. Runacable from the Signal Generator rear panel 10 MHz reference 
output to the A5A2J1 connector. 

Initialization 

1. Set frequency to 320.0 MHz. 

2. Short TP1 and TP1A. Remove any other jumpers connected to these 
test points. 

3. Remove short and connect jumper from U11 pin 6 to TP1A. 

4. Set frequency to test value. 


Test Procedure 
1. Touch the SA probe to +5V on the A5A1 assembly. 
signature: OHA5 


If this signature is correct, the set-up is correct so continue trouble- 
shooting with step 2. Otherwise, there is a problem with the set-up 
or the state controller circuitry on A5A1.SA cannot be used until the 
+5V signature is correct. Troubleshoot the state controller using the 
information in the timing diagram (Figure 8-617). 


0123 4 5 6 7 8 9 1011 12 1314 1516 17 


TP3 


U6-5 (CCK) al ee 

us2 (ack) ——————__J LJL SI 

u9-6 (CCL) ——- ——— 
STATE 
CONTROLLER 


U9-10 (DS1) SS OUTPUTS 
U9-15 (DS2) SS i 


uns@mn L 


U2-5 (1) 


U1-5 (2) 
U1-9 (4) 


U1-2 (8) 


U1-12 (16) ey L 


Figure 8-617. State Controller Timing Diagram 


2. Check the state controller by verifying the signature at the output 
of U9. Correct signatures are shown in the signature tables. 


If these signatures are correct, continue troubleshooting with step 3. 
Otherwise, there is a problem in the state controller so check the 
signatures at U9 (input), U6 and U1 to isolate the cause of the 
problem. 


3. Set the 8662A front panel frequency to 320.0999596 MHz. Short TP1 


and TP1A together. Check the signatures at the output of U7 and 
U10. Correct signatures are shown in the signature tables. 

If these signatures are correct, continue troubleshooting with step 4. 
Otherwise, there is a problem in the summing circuitry so check the 
signatures at U14, U15 and U16 to isolate the cause of the problem. 


4. Perform the initialization procedure for checking U5 specified 


in the signature table. Check signatures at frequency settings of 
320.099960 and 320.099990 MHz. The initialization procedure must 
be performed each time the frequency setting is changed. 
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If these signatures are not correct, U5 is the likely cause. Other- 
wise, the problem is in one of the circuit elements that cannot be 
checked by signature analysis. Those elements not checked by this 
procedure are: 


UI3A U8A UI2A 

U13B U8B U12B 

UIIB U3A U12C 
U3B 


5. Set the 8662A front panel frequency to 320.0999596 MHz. This 
causes all the circuitry on the A5A1 assembly to be active and a logic 
probe or oscilloscope can be used to check proper circuit operation. 


Accumulator (A5A1) Signatures 


“US— 9 2P86 
10 7U39 
11 729F 
12 C16H 
13 0000 
14 OHAS 
15 0000 
16 ---- 


OMDNONAAWDNEH 
ODNOUIAWNEH 


1 
2 
3 
4 
5 
6 
a 
8 
9 


ONOUARWNYH 


* Test Frequency 320.09996 MHz 
** Test Frequency 320.09999 MHz 


Fractional-N Loop N-Divider 
A5A2 
SERVICE SHEET 


Service 


8-610 


A5A1 ASSEMBLY 


Figure 8-618. ASA1 Fractional-N Loop Accumulator Component Locations 
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Figure 8-619. A5A1 Fractional-N Loop Accumulator Block Diagrams 
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Figure 8-620. A5A1 Fractional-N Loop Accumulator Schematic 
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PRINCIPLES OF OPERATION 
General 


This portion of the N Loop Divider/Phase Detector Assembly contains 
the N loop programmable divider circuitry. The output (which goes to 
service sheet 47) is the 10 MHz phase detector variable (VCO frequency 
divided by N). The inputs consist of the N loop divider drive from the N 
Loop VCO Assembly (service sheet 48) and the frequency select 
controls from the Digital Control Unit. 


The circuitry on this service sheet takes the 122 MHz to 221 MHz N loop 
divider drive from the VCO (service sheet 48) and divides it down to 10 
MHz by means of the programmable N loop divider. In order to 
produce the 10 MHz output, the divider circuitry must be capable of 
dividing the 122 MHz to 221 MHz input by 12.1 to 22.1 in one-tenth of 
a unit steps. 


In order to fractionally divide between 12 and 23, fractional-N circuitry 
is utilized. The fractional-N divider employs a unique method for 
generating fractional division. Control circuitry causes the input 
frequency to be divided by one number for a measured number of cycles 
and then by another number for a second period of cycles. These two 
count cycles, when averaged over a period of time, result in a 
fractional divide count. 


Divider Circuitry 


The divide by 12 to 23 circuitry is composed of U1-U8 and U12. U1, U2, 
and U3 make upa divide by 3, divide by 4 circuit. The control circuitry 
looks at the output of this section and switches back and forth between 
the two divide modes in order to produce divide values between 12 and 
23. For example, suppose a divide value of 17 is desired. The circuit 
divides by four, two times, and then by three, three times. Thus, for 
every 17 input pulses, one pulse is produced at the output of U12A. 


Control Circuitry (For Fractional-N) 


U18, U16, U18, U19, and U20 are the fractional-N control circuits. 
U13-U19 vary the control signal (TP10) to U20 so that fractional divi- 
sion can be accomplished. U13 adds two to the input. U18 and U19 
form the accumulator circuit (U18 is a latch; U19 is an adder). The 
adder’s outputs are at pins 6, 7, 9, 10, and 11. Each time there is an 
output from the divider (pin 8 of U21), the count sum is added to the 
least significant digit programmed. Whenever a carry occurs, the 
divider is triggered to divide by a number that is one greater. In other 
words, the control circuitry tells the divide by 12 to 23 section when to 
shift up by one divide number to achieve fractional division. 


For example, to obtain a divide by 12.1 value, the divide by 12 to 23 
circuit must divide by 12 for 9 divider output cycles and then by 18 for 1 
divider output cycle. The U16A output at pin 5 goes to pin 13 of U20. 
This is the N/N + 1 line. It tells the divider whether it should divide by 
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N or N+1. When the line is HI, the circuit is dividing by N + 1, when it 
is LO, the circuit is dividing by N. (See Fractional-N Loops Section for 
more detailed description of how Fractional-N works.) 


Shift Register and Decoder Circuitry 


The shift register and decoder circuitry in the divider section is com- 
posed of U6, U7, and U8. U6 generates the appropriate output to 
control the divide by 3, divide by 4 circuitry. When TP4 is HI, the 3/4 
circuit divides by 4. The 12/23 divide number is changed through pin 
12 of U7 and pin 6 and 9 of U8 by data from the control section decoder 
formed by U12. This decoder decodes information from pin 2 and 14 of 
U20. Signals from gate U4D and pins 2, 3, 14, and 15 of U11 control U7 
and U8, the outputs of which are decoded by U6. 


ECL to TTL Translator and Squaring Gates 


Q3 and Q4 are buffers which convert the ECL output of U12A to TTL 
levels. The actual output of the divider passes through gates U4A, 


U4B, and U4C, which square up the output and change the 15% to 20% 


duty-cycle of the divider output signal to 50%. 


TROUBLESHOOTING 


When a Low Frequency N Loop problem has been traced through the 
block diagram troubleshooting procedure to this assembly, use the 
following procedure to isolate the cause of the problem. 


Procedure 


1. Mount the A3A3 assembly on an extender board from the service 
kit. Use an extender cable in place of the short cable running to this 
assembly. Look at TP15 with an oscilloscope. The signal should bea 
10.0 MHz TTL signal (high 80 ns, low 20 ns). Check that the signal 
at U4C pin 14 is a 10.0 MHz ECL signal. 


If the pulses are there and assume valid logic levels (even though 
the frequency may be wrong), continue with step 2, below. If there 
are no pulses (either point stuck high or low, or doesn’t assume valid 
logic levels), trace the signal back to find where the signal goes bad. 


2. Set the front panel frequency to 323.3450 MHz. Connect a cable 
from A5A5J2 (disconnect the cable that is normally connected 
there) to A3A3J1. This connects the stable output of the fractional 
N loop to the input of the divider. Measure the frequency of the 
signal at TP15. The frequency should be 10.0 MHz (+1 count). Ifthe 
frequency is correct, the divider is functioning normally so continue 
with step 6, below. Otherwise, there is a problem with the divider 
so continue troubleshooting with step 3. 


3. Set the front panel frequency to 327.80 MHz. The frequency at TP15 
should be 10.0 MHz. This frequency setting programs a divide 
number of 20.0 and input frequency (from fractional N loop) of 
200.0 MHz. If the frequency at TP15 is correct, the problem is with 
the accumulator circuitry (U13, U19, U18 or U16). Otherwise, the 
problem is in the basic divider circuitry so continue troubleshooting 
with step 4. 
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4. Remove jumper W1 (to the left of U2). The frequency at TP5 
should be 66.66667 MHz. The 3/4 counter is held in the +3 mode with 
the jumper removed. 


Connect a jumper from +5 V to the top pad where the jumper was 
connected. The frequency at TP5 should be 50.0 MHz. The 3/4 
counter is held in the +4 mode with +5 V applied. 


If the counter operates normally, replace the jumper and continue 
troubleshooting with step 5. Otherwise, there is a problem with U1, 
U2, U3 or associated components. 


5. Set the front panel frequency to 320.80 MHz. Set the frequency 
increment to 1 MHz. Press the INCREMENT t andINCREMENT |! 
keys and check the frequency digit decoder outputs shown in the 
table below. If any outputs are wrong, troubleshoot to find the 
cause. Otherwise, the problem is in one of the shift registers (U7 or 
U8) or the U6 decoder. 


Frequency Digit Decoder Outputs 
(Front-panel frequency setting = 320.80 MHz) 


1 Miz 
DIGIT 


cecucucuce| g 
eecameceae |Z 
reweeeeres| $ | 
eecmeeemer |B | 
eennenmece | 
er 
semereeeer|§ 


OMONDA LEwWNKH CO fa 


6. Set the front panel frequency to 326.810 MHz. This setting programs 
the fractional-N loop output to 190.0 MHz and the A3A3 divide 
number to 19.0, so the output of the divider should be 10.0 MHz. Set 
the front panel frequency increment to 0.1 Hz and press the 
INCREMENT t key. The ERROR LED on top of the A3A3 assembly 
should blink at a 100 Hz rate and the waveform at TP1 should bea 
100 Hz square wave (amplitude + 0.7 Vdc). Each time the frequency 
is incremented, the frequency of the blinking LED and the wave- 
form at TP1 will increase by 100 Hz. Press the INCREMENT | key 
until the frequency display is below 326.810 MHz. The LED and TP1 
behave exactly the same as described, above. When the frequency is 
exactly 326.810 MHz, the signal at TP1 should be a de value some- 
where in the range of + 0.7 Vdc(most likely value is +0.7 Vdc or —0.7 
Vdc). The LED may be either lit or off but should not be blinking. If 
this circuitry is functioning normally, continue with step 7. Other- 
wise, thereis a problem with the phase detector circuitry so continue 
troubleshooting this circuitry to find the cause. 
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NOTE 


The waveforms shown on the schematic for TP12 and TP13 
are taken with the Phase Lock Loop in an out-of-lock condi- 
tion and are not representative of the waveforms for step 7 
of this procedure. 


7. Set the front panel frequency to 326.810 MHz and frequency incre- 
ment to 10 Hz. Look at TP13 on an oscilloscope (DC coupled, 0.5 
V/div vertical, 1 msec/div horizontal). There should be no waveform 
present and the level should be near ground (+1/2 division with the 
settings given). 


Press the INCREMENT t key. Negative going pulses should appear 
on TP13 (amplitude of approximately 1.0 V). Pressing the INCRE- 
MENT | key again should cause the frequency of the pulses to 
increase. 


Set the front panel frequency to 326.810 MHz and look at TP12 with 
an oscilloscope. There should be no waveform present and the level 
should be near ground (+1/2 division). Press the INCREMENT | key. 
Positive pulses should appear on TP12 (amplitude of approximately 
2.0 V). Look closely since they are faint at the scope settings given, 
above. Pressing the INCREMENT | key again should cause the 
frequency of the pulses to increase. 


If either or both of these waveforms is not correct, there is a problem 
in the frequency detector circuitry. Troubleshoot this part of the 
circuitry to find the cause of the problem. 
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PRINCIPLES OF OPERATION 
General 


This service sheet contains the circuitry for the phase detector portion 
of the N loop. Inputs include the 10 MHz N loop phase detector refer- 
ence signal from the reference section (service sheet 18) and the 10 MHz 
phase detector variable from the N Loop Divider (service sheet 46). The 
phase detector reference signal splits and goes to both the phase and 
frequency detector circuits, as does the phase detector variable signal. 
The outputs from this section are phase and frequency error signals 
which are sent to the N Loop VCO (service sheet 48). 


Frequency Detector Circuitry 


The frequency detector circuitry determines if the frequency at the 
output of the N loop divider is above or below the 10 MHz reference 
signal. If the N loop frequency is more than several MHz from the 
reference, the loop won’t lock by itself because the signal is out of the 
phase detector’s range. The frequency detector section determines 
which direction to tune the frequency so that the signal is within the 
phase detector’s range. Q1 and Q2 form the 45° phase shifter circuits. 
U5, U9 and U14 are used as dual exclusive-or gates. 


Of the two 45° phase shifter circuits, one shifts the detector reference 
signal in the +45° direction and the other shifts in the —45° direction. 
This puts the resulting signals to the dual exclusive-or gates 90° out of 
phase with each other. The exclusive-or gates function similarly to 
double-balanced mixers. The signals at their outputs are filtered by the 
2 MHz low-pass filters. These filtered outputs are the difference fre- 
quencies between pin 10 on USD and the reference divider inputs to Q1 
and Q2. The signals sent to the comparators are triangle waves and 
are measurable at TP7 and TPY, where the phase difference is still 90°. 
These triangle waves are converted to square waves by comparators 
U10 and U15. The outputs from these comparators enter U16, acontrol 
flip-flop. 


If TP11 goes HI when TP8 is LO, then a LO is transferred to pin 9 of 
U16B to trigger monostable U17A. U17A produces a 4.5us pulse that 
turns OFF Q6 and causes CR11 and CR12 to turn ON. Q6 turns OFF 
when CR9 turns ON, which occurs when pin 13 goes HI and pin 4 goes 
LO. Current flows from the summing junction of the N Loop VCO, 
causing the frequency to go up. At the same time, pin 5 of U17B is LO. 
This keeps CR10 OFF so that no current flows into the junction of R119 
and R120. When the loop is locked, U17A and U17B are not triggered 
and there is no current flowing through R118, R119, or R121. When pin 
5 of U17B goes HI, current is sent to the junction through CR10 and the 
frequency decreases. 
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Phase Detector Circuitry 


The input to the phase detector section is composed of limiters Q5 and 
Q10. These produce square waves at TP14 and TP16. From here the 
signals enter the phase detector formed by Q11 and Q12. This phase 
detector acts like an exclusive-or gate. When TP14 and TP16 have dif- 
ferent voltages (either Q5 or Q10 is HI) one of the two phase detector 
transistors turns ON and sums current into R85 and R86, causing the 
emitter of Q9 to go HI. The output voltage from Q9 is LO when both 
inputs are the same. 


Q9 is used in a low impedance emitter-follower configuration and acts 
to drive the 1 MHz and 6 MHz notch filters. The six notch filters (which 
follow Q9) filter the spurs generated in the N loop fractional-N cir- 
cuitry. These spurs occur at sub-multiples of the reference frequency. 
CR5 and CR6 limit the phase range over which the phase detector can 
tune the oscillator. The phase error signal at pin 10 goes to the summing 
junction on the N Loop VCO Assembly (service sheet 48). 


Out-of-Lock Circuitry 


When the output of the phase detector is HI (indicating an out-of-lock 
condition), the TTL level translator formed by Q8 and U21 turns ON 
Q7, causing the out-of-lock lamp to light. 
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Figure 8-625. P/O A3A3 N Loop Divider/Phase Detector Block Diagrams 
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Block Diagram H 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


This service sheet contains the voltage controlled oscillator and 
associated circuitry for the Low Frequency N Loop. There are four 
frequency control inputs to this board and two outputs. The outputs 
extend from 122 MHz to 221 MHz. One output is the N loop N-divider 
drive, the other is the S loop mixer local oscillator input. The frequency 
control inputs are summed, shaped, amplified, and filtered before 
being used to control the frequency of the voltage controlled oscillator. 


Current Summing Junction 


The inputs to this assembly go through a summing junction and are 
amplified by Q10. Q10 converts the summed currents to a control 
voltage. 


One of the four inputs is a pretune (pin 15) that coarsely tunes the oscil- 
lator to within a couple of MHz of the correct frequency for locking. The 
other three inputs are loop signals. The signal at pin 11 is the phase 
error signal from the phase detector that is located on the N Loop 
Divider Board. The other two signals are from the frequency detector 
circuitry on service sheets 46 and 47. One of them sums current into the 
summing junction and makes the frequency decrease, the other one 
removes current from the emitter of Q10 and makes the frequency 
increase. These inputs are at board pins 10 and 9, respectively. The pre- 
tune line has a gain adjustment which allows the range of the VCO to 
be set. The maximum tune range is approximately 100 MHz with the7 
volt (maximum) pretune voltage. 


Shaping Network and Buffer Amplifier 


The shaping network (in the collector circuit of Q10) is a diode-resistor 
network composed of CR2, CR3, R12, R13, R16, and R19. This network 
shapes the VCO pretune voltage so that a change in voltage causes a 
linear change in the VCO output frequency. 


Following the shaping network is an emitter-follower stage formed by 
Q6. It drives the filter network that removes the spurious signals from 
the loop and drives the phase lag network consisting of R29, R31, and 
C19. The actual varactor voltage (at TP2) goes through R33 to the 
oscillator tank at CR7 and CR8. This is a negative voltage of between 
—2 volts and-—18 volts (—2 volts is the limit for the low frequency end and 
—18 volts is the limit for the high frequency end). 
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Gain Set Switch 


Q9 is a transistor switch that increases the loop gain voltage as deter- 
mined by the conduction threshold of CR3. When Q9 turns ON, it 
shunts R25 so that the gain from the emitter of Q6 to TP2 is increased 
by approximately 6 dB. This causes loop gain to increase and compen- 
sate for the decrease in capacitance of the varactors, which occurs 
close to the high frequency end. 


Charge-Discharge Switch 


Transistors Q5 and Q8 switch current into C19 through R26 and R31. 
These transistors are biased so that when the voltage at TP4 is 2 volts 
greater than the voltage on C19, either Q5 or Q8 turn ON and quickly 
charge C19. This increases switching speed. 


Voltage Controlled (Hartley) Oscillator 


The oscillator itself is formed by Q7, which is a common gate 
FET amplifier. Capacitor C22 is a bypass capacitor for the var- 
actors. L8 is a tapped inductor. The feedback loop feeds through 
C24 to the source of the FET. R27 and R28 set the dc current in 
the FET. 


Signal Splitter 


The output of the VCO is tapped from inductor L8 very close to ground 
and goes through R34 to transformer T1, which is a power splitter. 
This splitter supplies half-power to each of the two amplifiers and 
provides substantial isolation between them. 


Output and Loop Buffer Amplifiers 


The two buffer amplifiers are identical. The loop buffer amplifier 
consists of Q3 and Q1 and the output buffer amplifier consists of Q4 
and Q2. The two transistors within each amplifier assembly are 
cascaded. The output of each amplifier is attenuated by a 3 dB pad 
before being output from the assembly. One of the outputs is sent to the 
N loop divider to provide feedback to the N loop phase detector; the 
other is sent to the sum loop mixer (LO input). 


Minus 26 Volt Supply 


The-—26 volt on-board supply is derived from the main —40 volt supply. 
It is used as a reference voltage (for the frequency breakpoints) by the 
shaping network. 
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Figure 8-627. A3A4 N Loop VCO Component Locations 
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Reference designations within outline (- - ——) assem- 
blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 
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Figure 8-628. A3A4 N Loop VCO Block Diagrams Figure 8-629. A3A4 N Loop VCO Schematic 
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Block Diagram H 
Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


There are two main circuits on the Sum Loop Mixer Board. The mixer 
takes the Sum Loop VCO and N Loop VCO signals, mixes them down 
to a frequency band of 1 MHz to 2 MHz, and sends this band to the 
frequency detector. The frequency detector is composed of U2 through 
U6. This circuit detects when the sum loop frequency is greater than 
the N loop frequency and sends a Sum loop frequency error signal to 
the Sum Loop VCO Assembly (Service Sheet 51). 


Mixer Circuitry 


The sum loop mixer RF from the Sum Loop VCO (service sheet 51) and 
the sum loop mixer LO from the N Loop VCO (service sheet 48) enter 
the board via the J2 and J1 inputs, respectively. The S loop RF passes 
through a 10 dB pad and a limiter formed by U1. U1 hasa gain of 10dB 
and limits at +1 dBm. The output of this limiter stage is then capaci- 
tively coupled to the RF input of mixer U7. 


TheS loop LO signal from the N Loop VCO (service sheet 48) is limited 
by CR1 and CR3 and attenuated by the 3 dB pad formed by R7, R9, and 
R11. The signal is then applied to the LO input of the mixer. The output 
IF from the mixer varies between 1 MHz and 2 MHz. The output of the 
mixer is filtered by a 10 MHz low-pass filter formed by C14, L3, C15, L4, 
and C16, and then enters the limiter/buffer amplifier formed by tran- 
sistors Q1 and Q2. The resulting signal is the sum loop IF signal. The 
level of this signal is approximately 4 Vp-p. 


Frequency Detecting Circuitry 


The frequency detecting circuit determines if the S loop frequency 
exceeds the N loop frequency. The S loop normally extends from 120 
MHz to 220 MHz; the N loop’s frequency range is from 122 MHz to 221 
MHz. TheS loop frequency should always be 1 MHz to 2 MHz below the 
N loop frequency. If it becomes more than 2 MHz above the N loop, the 
S loop will reverse and send the VCO in the wrong direction. 


The frequency detecting circuit keeps the S Loop VCO frequency below 
that of the N loop. The decade divider circuits (U2 and U3) divide the 
outputs of the two VCOs by 10. The divided signals at TP1 and TP2 
enter frequency detector U4, which determines when the S loop 
frequency is greater than the N loop frequency. When the S loop 
frequency is greater, the output at pin 12 of U4 goes HI, causing aramp 
voltage to be applied to pin 2 of comparator U5. 
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The ramp voltage at pin 2 of U5 is compared against the reference 
voltage at pin 3, anda TTL pulse is generated at the pin 7 output. This 
TTL pulse triggers monostable one-shot U6, producing a 3.4 us pulse 
which is sent to the S Loop VCO as a frequency error signal. A pulse 
train is output from U6 as long as theS loop frequency is greater than 
the N loop frequency. This pulse train is filtered, summed with the S 
loop error and pretune currents, and converted to a voltage so that it 
can be used to help decrease the S Loop VCO frequency. 


The frequency detector is disabled by the frequency detector enable 
line (at board pin 11) when the S Loop VCO is locked. The frequency 
detector enable line is also sent to pin 14 of U2 and U3, turning OFF 
the dividers to prevent spurs from being generated. 
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Figure 8-631. A3A5 Sum Loop Mixer Block Diagrams 
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PRINCIPLES OF OPERATION 
General 


There are two independent circuits on the Sum Loop Phase Detector 
Board. Oneis a pretune circuit that coarsely tunes the three oscillators 
in the low frequency loops to within 3 MHz of the correct frequency so 
that the search and lock time for the loop is decreased. 


The upper portion of the service sheet shows the phase detector cir- 
cuitry. This section has two inputs. One is the S loop IF signal input 
and the other is the fractional-N loop VCO output (S Loop phase 
detector reference). The S loop IF signal is compared against the 
reference signal, and error pulses are generated at the output to keep 
these two signals at the same frequency. The error pulses generate an 
error voltage which is sent to the S Loop VCO (service sheet 51). 


Pretune Circuitry 


The pretune circuit consists of transistors Q1 through Q14. Q1 through 
Q8 are controlled by BCD lines from the Frequency Output Board via 
pins 10-13 and 25-28. The BCD weighted currents at the collectors of 
transistors Q1 through Q8 in the D/A converter are summed at TP4. 
These weighted currents are subtracted from the current that would 
normally flow through Q10 from R44 and R45. The net current out of 
Q10 appears as a voltage across R47. As more transistors are turned 
ON, less current flows through Q10 and the voltage across R47 
approaches 0 volts. 


Q9 sets a reference voltage that clamps the emitter of Q10 to 10 volts. 
Q11 and Q14 form a dual emitter-follower buffer amplifier. Its output 
range is 1.2 volts to 7.0 volts. After passing through a 1 MHz low-pass 
filter, this voltage is sent to the VCO summing junctions for the N loop, 
S loop and FMS loop. This pretunes the three oscillators to frequencies 
where the loops should lock. 


Phase Detector Circuitry 


The reference signal for the phase detector circuitry comes from the 
Fractional-N Loop at 100 MHz to 200 MHz. It is divided by 100 by a 
circuit formed by U1 and U2 and is then sent to U4A. 


The second input to the phase detector circuitry is the sum loop IF 
signal that comes from the S Loop Mixer Board (service sheet 49). This 
signal enters the board via pin 9 and goes to pins 1 and 2 of U3, a 
schmitt trigger. The input waveform is converted to a square wave by 
this circuit so that it can be used by the digital phase detector. 


The phase detector is formed by flip-flops U4A, U4B and gate U3B. 
One flip-flop is latched HI by theS loop phase detector reference signal 
and one is latched HI by the S loop IF signal. Once both flip-flops are 
set, the output of U3B goes HI, resetting them. Asa result, the output of 
the flip-flops is a signal with a pulse width equal to the time difference 
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between the signals driving U4A and U4B. The pulse width is wide 
when there is a large phase or frequency difference and is narrow 
when both signals are in phase. A ramp shaped signal appears at TP3 
and TP6 (only one; never both) depending on the direction of the 
frequency phase shift. 


The ramp waveform at either TP3 or TP6 is sent to the differential 
amplifier integrator formed by Q13, Q15, and Q12. The feedback loop 
for this circuit is composed of C31 and R57. The output of the integrator 
passes through R65 and R66 before leaving the board as the error 
voltage to the S Loop VCO (service sheet 51). When locked, this output 
(at pin 30) is 0 + 0.5 volts. Diodes CR2 through CR7 limit the total 
voltage at C31 (in the feedback loop) so that the charge time of C31 is 
not increased if a transient occurs during locking. 


Out-of-Lock Detector Circuitry 


The out-of-lock detector formed by U8C and USC produces a pulse that 
triggers the monostable one-shot formed by U6 when the pulses from 
U4 are wide. U6 in turn lights the out-of-lock LED. A signal is also 
output from pin 25 and is sent to the Sum Loop IF Board, enabling the 
frequency detector circuitry. 
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Table 4-1. Abbreviated Performance Tests 
Table 5-2. Post-Repair Adjustment Procedures 


PRINCIPLES OF OPERATION 
General 


This board contains the voltage controlled oscillator and associated 
circuitry for the FM Sum Loop. There are three frequency control 
inputs to this board and two outputs. One output is the FM sum loop 
mixer RF; the other goes to the high frequency loops section. The fre- 
quency control inputs are summed, shaped, amplified and filtered 
before being used to control the frequency of the voltage controlled 
oscillator. 


Current Summing Junction 


The inputs are combined at the summing junction before entering 
amplifier Q10. Q10 amplifies the summed currents from the three 
frequency control inputs and converts them to a control voltage. 


One of the three inputs is the sum loop frequency error signal (pin 11) 
which comes from the Sum Loop Mixer Board (service sheet 49). The 
other two are the pretune signal (pin 10) and the sum loop error signal 
(pin 9). Both come from the Sum Loop Phase Detector Board (service 
sheet 50). The pretune line has a gain adjustment which allows the 
range of the VCO to be set. The maximum tune range is approximately 
100 MHz (+1.2 to +7.0 Vdc pretune voltage range). 


Shaping Network and Buffer Amplifier 


The shaping network in the collector of Q10 is a diode-resistor network 
composed of CR5, CR6, R13, R15, R17, and R20. This network shapes 
the pretune voltage so that a change in voltage produces a linear 
change in output frequency. Normally, varactors CR13 and CR14 in 
the VCO give it a non-linear output. The diode network, however, 
cancels out the non-linearity by switching in the diodes at the appro- 
priate points. 


Following the shaping network is an emitter-follower stage formed by 
Q7. This stage drives the filter network that removes the spurious 
signals from the loop and drives the phase lag network consisting of 
R32 and C20. The varactor voltage (at TP3) goes through R34 to the 
oscillator tank at CR13 and CR14. This is a negative voltage of —2 volts 
to—18 volts (—2 volts is the limit for the low frequency end and —18 volts 
is the limit for the high frequency end). 


Gain Set Switch 


Q6 is a transistor switch which increases the loop gain voltage as 
determined by the threshold point of CR6. Q6 turns on and shunts R26 
so that the gain of Q7 at TP3 is increased by approximately 6 dB. This 
causes the loop gain to increase and compensate for the decrease in 
gain of the varactors, which occurs close to the high frequency end. 


SERVICE SHEET 51 (Cont'd) 


Charge-Discharge Switch 


Transistors Q5 and Q9 switch current into C20 through R24. These 
transistors are biased so that when the voltage at TP4 is two volts 
greater than the voltage at C20, either Q5 or Q9 turn on to quickly 
charge C20. This increases switching speed. 


Voltage Controlled (Hartley) Oscillator 


The oscillator itself is formed by Q8, which is a common gate 
FET amplifier. Capacitor C23 is a bypass capacitor for the var- 
actors. L8 is a tapped inductor. The feedback loop feeds through 
C25 to the source of the FET. R28 and R30 set the dc current in 
the FET. R31 and R383 set the dc voltage at the gate. 


Signal Splitter 


The output of the VCO is tapped from L8 very close to ground and goes 
through R36 to transformer T1, which is a power splitter. This splitter 
supplies half power to each of the two amplifiers and provides sub- 
stantial isolation between them. 


Output and Loop Buffer Amplifiers 


The loop buffer amplifier consists of Q1 and Q3. The output buffer 
amplifier consists of Q2 and Q4. The two transistors within each 
amplifier assembly are cascaded. The output of each amplifier is 
attenuated by a3 dB pad before being output from the assembly. One 
of the outputs is sent to the FM sum loop mixer (LO input), the other to 
the sum loop mixer (RF input). 


Minus 26 Volt Supply 


The —26 volt on-board supply is powered by the main —40 volt supply. 
It is used as a reference voltage for the frequency breakpoints by the 
shaping network consisting of CR5 and CR6. 
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A3A9 ASSEMBLY 


PRINCIPLES OF OPERATION 
General 


There are two separate circuits on this service sheet. The upper portion 
of the schematic shows the integrator. The integrator takes the FM 
sum loop phase and frequency error signals from the FM Sum Loop 
Phase Detector Board (service sheet 53) and generates an FM sum loop 
error current which is sent to the FM Sum Loop VCO Board (service 
sheet 54). 


The lower portion of the schematic shows the mixer circuitry. This 
section takes the FM sum loop VCO signal (service sheet 54) and the 
sum loop VCO signal (service sheet 51) and mixes them to produce the 
FM sum loop IF which is sent to the FM sum loop phase detector 
(service sheet 58). 


Mixer Circuitry 


The FM sum loop mixer RF (FMS loop VCO output) enters the board 
via Jl, passes through the 3 dB attenuator pads and a 250 MHz 
low-pass filter before entering pin 1 of mixer U1. The FM sum loop 
mixer LO (sum loop VCO output) enters the board via J3 and is passed 
through a 300 MHz low-pass filter before entering pin 8 of the mixer. 
The signal outputs from pins 3 and 4 of the mixer are passed througha 
3 dB pad and a 40 MHz low-pass filter before leaving the board as the 
FM sum loop IF at J2. The output level of this 20 MHz IF signal is —16 
dBm + 3 dB. 


Integrator Circuitry 


Q1A and Q1B form a discrete differential amplifier within the inte- 
grator circuitry. One input to the amplifier is a frequency error signal 
(pin 8); the other is a phase error signal (pin 6). The signal at pin 8 
should normally be at 0 volts when locked. At 0 volts, CR1 and CR2 are 
biased OFF and the base of Q1B is close to 0 volts. The phase error 
signal at pin 6 operates the differential amplifier to control the phase 
of the signal. The output voltage of the differential amplifier is ampli- 
fied by Q7 and Q4 and is used to drive the voltage to current converter 
(Q3). The constant current source for the converter is formed by Q6. 


The FM sum loop error current which flows through pin 3 of the board 
is the difference between the current flowing through Q6 and the 
current flowing through Q3. The current flowing through Q3 is depen- 
dent on the voltage at the output of the integrator. The output of the 
integrator is controlled by feedback. When Q5 turns OFF, less current 
flows through Q3 for a given voltage at TP3. Q5is turned ON and OFF 
by digital lines from the Microprocessor Board which enter the FM 
Sum Loop Mixer/Assembly via pins 9, 10, 19, and 20. 
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blies are abbreviated. Full designation includes Assembly 
Number; e.g., R1 of Assembly A1 is A1R1. Designations of 
other components are complete as shown. 
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that sums the currents to produce a voltage at the junction of R39 and 


TROUBLESHOOTING HELP R42. This voltage outputs as the FM sum loop frequency error signal 
Block Diagram H at pin 12. When the system is in lock, the output at this point is about 
Table 4-1. Abbreviated Performance Tests + 0.5 volts. Q5 is used as an OR gate for the outputs of the two compa- 
Table 5-2. Post-Repair Adjustment Procedures rators. Whenever either of the comparators goes HI, Q5 turns on and 
lights the out-of-lock LED indicator. 
PRINCIPLES OF OPERATION A3A10 ASSEMBLY 
General 


Itis on the FM Sum Loop Phase Detector Board that either the 20 MHz 
continuous wave (CW) signal from the reference section or the 20 MHz 
FM signal (generated within the modulation section) is summed with 
the 120 MHz to 220 MHz (1 Hz step resolution) Low Frequency Sum 
Loop signal. The net result is a 100 MHz to 200 MHz CW or FM signal 
at the output of the FM Sum Loop VCO (service sheet 54). This signal is 
divided by the decade divider on the same board to produce the 10 MHz 
to 20 MHz (0.1 Hz step resolution) reference signal that is used by the 
Output Sum Loop Phase Detector in the high frequency loops section. 


Inputs to the Phase Detector Board include the FM sum loop CW and 
FM phase detector reference signals (pins 10 and 8), the FM sum loop 
IF from the Sum Loop Mixer at J1 and the FM/CW control at pin 15. 
Outputs include the FM sum loop phase error signal (pin 14) and the 
FM sum loop frequency error signal (pin 12). 


Phase Detector Circuitry 


The FM sum loop IF signal passes through a 20 MHz low-pass filter 
and through 60 MHz and 100 MHz notch filters before being amplified 
by the 20 MHz bandpass amplifier formed by Q1. The notch filters 
eliminate spurious signals from the FM Sum Loop Mixer Board. 
Following the bandpass amplifier, the signal passes through a 3 dB 
pad before splitting in two directions. One path is through Q2, which 
toggles one flip-flop of the frequency detector formed by U1. The other 
path is to the RF input of phase detector U2 (the LO input will be 
discussed subsequently). The output of the phase detector passes 
through R30 and a 20 MHz low-pass filter before leaving the board to 
be sent as an error signal to the integrator on the FM Sum Loop Mixer 
Board (service sheet 52). 


FM/CW Selector Circuitry 


Selection of either the FM or CW sum loop phase detector reference 
signalsis handled by the FM/CW selector circuitry formed by U4. This 
selector is controlled by the FM/CW control line which enters the 
board via pin 15. The outputs of the selector are at pins 6 and 3. These 
two outputs are wire ORed and the resulting signal is sent to the LO 
input of phase detector U2 and the second toggle input (pin 6) of fre- 
quency detector U1. 


Frequency Detector Circuitry 


The frequency detector outputs a pulse whenever the FM sum loop IF 
frequency differs from either the FM or CW sum loop phase detector 
reference signals (whichever happens to be selected). The output from 
the frequency detector is sent to comparators U3A and U3B. The 


square wave outputs of the comparators are sent to an inverter circuit & FM Sum Loop Mixer Eos, a Figure 8-642. A3A10 FM Sum Loop Phase Detector Component Locations 
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Figure 8-643. A3A10 FM Sum Loop Phase Detector Block Diagrams 
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PRINCIPLES OF OPERATION 
General 


The FM Sum Loop VCO utilizes back-to-back varactors instead of 
bypass capacitors used on the other two VCO assemblies. This allows 
greater bandwidth and higher frequency modulation of the oscillator. 


There are two inputs to the Sum Loop VCO Board. One is a pretune 
from the Sum Loop Phase Detector Board which enters the FM Sum 
Loop Board via pin 10. This input is fed through a linearizer circuit and 
is then buffered by Q3 and Q4. The resulting voltage at TP3 is used to 
pretune the voltage controlled oscillator within lock range. The FM 
sum loop error current enters the board via pin 9 and passes through a 
40 MHz low-pass filter, formed by L7 and C8, before being summed 
with the loop pretune signal. This signal provides fine tuning to the 
VCO and guides it to final lock. 


Signal splitter T1 (in the output section of this board) divides the power 
of the signal tapped at L12 and distributes it to limiters U2 and U1. 
Limiter U2 has two outputs. One of them is a test output with a fre- 
quency range of 100 MHz to 200 MHz. The other output is passed 
through a divide-by-ten circuit to provide the 10 MHz to 20 MHz phase 
detector reference (0.1 Hz step resolution) signal needed by the Output 
Sum Loop in the high frequency loops section. The output of limiter U1 
passes through a 300 MHz low-pass filter and outputs from the board 
to the FM Sum Loop Mixer (service sheet 52), providing feedback for 
the FM Sum Loop. 


FM Sum Loop Phase Detector 
A3A10 
SERVICE SHEET 


Service 


A3A8 ASSEMBLY 


ae 

a $3. 
9 Oo = 

oe ie 
ap S10 ag 


(htt SRG 
nm. R22 Age C18 


A, 4 


pa 


Rag)” CRS 
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Figure 8-646. A3A8 FM Sum Loop VCO Block Diagrams 
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Figure 8-647. A3A8 FM Sum Loop VCO Schematic 
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PRINCIPLES OF OPERATION 
General 


Circuitry on the Power Supply Motherboard and Inverter Board rectify 
and invert the ac line voltage prior to regulation. Before reaching these 
boards, the line voltage is passed through a filter assembly (A10) anda 
voltage selection switch (S2), which allows operation at 115Vac or 
220Vac. Power entering the supply motherboard via pins 7-9 is rectified 
and coarsely filtered to produce + 160 Vdc. In the case of 115Vac opera- 
tion, voltage doubling is implemented during rectification. The + 160 
Vdcis then chopped by inverter/regulator switches Q3 and Q4 to drive 
the main power supply transformer (A7A38T3). 


The ac voltages at the multiple secondary taps of the transformer are 
rectified, filtered, and sent to the Linear Regulator Board (service sheet 
62). The +5.2 Vdc line is regulated exclusively by the switching action 
of the supply. Fast and slow sense lines, as well as foldback and feed- 
back sense lines, are derived from various points along the +5.2 Vdc 
line. These sense lines are sent to the Control Board (service sheet 63) 
which uses the information they provide to generate two pulse-width 
modulated signals (180° out of phase) that are fed back to drive the 
inverter/regulator circuitry (formed by Q1, Q2, Q3, and Q4) on the 
Inverter Assembly. 


The output voltage of the 30Vac transformer (T1) is rectified, filtered, 
and regulated to supply the dc oven heater voltage for the 10 MHz refer- 
ence crystal oscillator and to power sections of the Linear Regulator 
and Control Boards. Circuitry within the auxiliary regulator section 
on the Control Board (service sheet 57) prevents the instrument from 
being operated when the line voltage falls below 80Vac (for 115Vac 
operation), or 160Vac (for 220Vac operation). 


Rectifier, Filter, and Voltage Doubler Circuitry (A7A4) 


With the input voltage selection switch in the 220Vac position, input 
voltage is full-wave rectified by the bridge formed by CR1, CR2, CR3 
and CR4 and is coarsely filtered by capacitors C2 and C3 to produce 
+160 Vdc. When the selection switch is in the 115Vac position, CR2 and 
CR3 form a bridge rectifier and voltage doubler. Here again, the result 
is + 160 Vdc. CR5 and CR6 serve to protect capacitors C2 and C3 from 
reverse voltage generated during foldback current limiting. 


Overvoltage Crowbar 


The overvoltage protection circuitry (crowbar) disables the instrument 
in the event that the rectified de voltage exceeds + 185 Vdc. At this 
point Q1 fires and switches 50 across the input line, blowing line 
fuse F1. 
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Switch Drivers and Inverter/Regulator Switches (A7A3) 


In order to drive T3, pulses from the pulse-width modulation circuitry 
(duty-cycle control logic) on the Control Board are transformer coupled 
(via A7A3T1 and A7A3T2) to the inverter/regulator switch driver 
circuitry formed by Q1 and Q2. QS1 and Q2 are turned alternately ON 
and OFF to drive Q3 and 4 180° out of phase. This action switches the 
+ 160 Vdc to produce a 20 kHz alternating drive current through the 
primary of T3 (see figure below). Q3 and Q4 are turned on by about 
350mA of current at their bases. To reduce the turn-off time of the two 
transistors, however, two amperes of reverse current is required to turn 
them off. 


Q30N -DEAD ZONE 
+160 Vile - -— (BOTH 03 AND 
Q4 ARE OFF) 


0 Vde 


160 Vdc 
Q40N Q40N 


WIOTH OF T3 DRIVER PULSES CONTROLLED ay 
DUTY CYCLE CONTROL LOGIC (ON CONTROL BOARD) 
PULSES WIDEN WITH INCREASED LOAD ON +5.2 Vdc 
LINE, AND DECREASE WITH SMALLER LOAD 


Switching Waveform at the Primary of T3 
(also see Power Supply Overview) 


A resistive-capacitive divider formed by R1, R2, C1, and C2 indirectly 
references the primary of T3 to ground, isolating the high voltage 
section from chassis ground and preventing T3 from overheating due 
to dc currents caused by imbalances in the switching circuits that drive 
T3. The circuit formed by R11, R12, and C5 serves to lower the Q of the 
inductance associated with T3, cutting down on ringing at the emitter 
of Q3 and the collector of Q4. 


Secondary Isolation/Stepdown Transformer (T3) Outputs 


Voltages at the secondary taps of T3 are referenced to the +5.2 Vdc 
supply ground. They are full-wave rectified, coarsely filtered, preregu- 
lated, and sent to the Linear Regulator Assembly for final regulation. 
These unregulated voltages are +23 volts, —13 volts, and —45 volts. 


The fast and slow sense lines, as well as the foldback and feedback 
sense lines, are derived from the +5.2 Vdc supply line. The duty cycle 
control logic on the Control Board regulates the +5.2 Vdc supply by 
varying the duty cycle of the signals which drive inverter/regulator 
switches Q3 and Q4. Regulation of the +5.2 Vde supply is accomplished 
exclusively through the switching action of the supply; no linear reg- 
ulators are used on this line. 


TROUBLESHOOTING 


When a power supply problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the following 
procedure to isolate the cause of the problem. 
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CAUTION 


If the LINE fuse is blown, do not insert a new fuse until the 
cause of the failure has been determined. Inserting a new 
fuse could cause additional damage if the problem is a 
shorted diode or transistor on the Power Supply inverter 
assembly (A7A3). Perform steps 1 through 6 before inserting 
anew FUSE. 


1. Disconnect the line cord from the rear panel of the Generator. 


2. Remove the top cover of the instrument. 
3. Remove the top cover of the power supply (left-rear cover of 


instrument). 


4. Pull out the A7A3 inverter assembly. 
5. Use an ohm meter or continuity checker to check the following 


components for shorts: 


CR5 CRI CRI3 
CR6 CRI10 Q3 
CR7 CRIl Q4 
CR8  CRI12 


6. If none of these components is shorted, it is safe to install another 


LINE fuse and continue normal troubleshooting. 


7. Disconnect the line cord from the rear panel of the Generator. 


WARNING 


When the A7A3 Inverter assembly is mounted on its 
extender board, +160V and—160V are exposed on the traces 
on this board. Use extreme care. 


CAUTION 


Removing and installing power supply boards with the line 
cord plugged-in can damage these boards because high 
voltage is present whenever the line cord is plugged-in. 


Remove the A7A3 Inverter assembly from the power supply. Insert 
the extender board for A7A3 (set the switch on the extender board 
to the “in” position to allow high voltage to appear on the top edge 
connector of the extender board). Plug-in the line cord. Measure the 
high voltage at the edge connector of the extender board. Use a 
DVM with the common lead connected to the chassis. 


Pin 5 V =—160 + 20 Vde 
Pin 7 V =+160 + 20 Vdc 


These values are for 115 VAC line voltage. Higher or lower line 
voltages produce proportionally more or less dc voltage. If this 
voltage is not correct, the problem is with the high voltage rectifiers 
and associated circuitry on A7A4. Troubleshoot this circuitry to find 
the cause. Otherwise, the problem is on the A7A3 assembly so 
continue troubleshooting with Step 8. 


8. Look at the waveform at pin 3 of transformer T3. This is the output 


of the switching transistors. The waveform should be as shown in 
the following figure: 


SERVICE SHEET 55 (Cont'd) 


10 ps 


Waveform at Pin 3 of T3 


Ifthis waveform is normal, the problem is on the secondary side of 


transformer T3 so continue troubleshooting with step 10 below. 
If this waveform is not correct, the problem is with the switch- 


ing transistor circuitry so continue troubleshooting with step 9. 


9. Disconnect the line cord from the rear panel of the Generator. Set 
the switch on the A7A3 extender board to the “out” position. With 
the switch in this position, no high voltage reaches the A7A3 
assembly and the drive signals to the switching transistors can 
be observed. Compare the actual waveforms to those shown in 
the following figure: 


Base of 04 (03) Pin 5 of T2 Pin 6 of T2 


Switching Transistor Drive Signals 


10. Compare the waveforms at the outputs of the rectifiers on the 
secondary of transformer T3 to those shown in the following figure: 


CR12, 14 


Transformer Secondary Waveforms 


If any waveform is different, there is a problem with rectifier diodes 
or the transformer. The magnitude and duty cycle of the pulses 
will vary with line voltage, but the pulse width at the output of all 
rectifiers should be the same. 
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11. Measure the outputs of the rectifier filters at the bottom edge 
connector of A7A3. Normal values are: 


A7A3 Connector Pin 


21 
22 


20 


17 
14, 15, 16 


Figure 8-648. A10 Line Filter Component Locations 
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Figure 8-650. A7A4 Power Supply Mother Board Component Locations 
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Figure 8-651. Power Supply Inverter, Mother Board, and Line Filter Block Diagrams 
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PRINCIPLES OF OPERATION 
General 


The Linear Regulator board regulates the rectified and coarsely fil- 
tered dc voltages sent from the Inverter Board (service sheet 55). There 
are three series regulator circuits on this board, the outputs of which 
are +20 Vdc(at 2.5 amperes), —10 Vdc (at 2.5 amperes), and —40 Vdc(at 
0.5 amperes). Additional features incorporated into the regulator 
circuits are foldback current limiting, transient and high input voltage 
shutdown, and bi-directional crowbar protection. 


Linear Regulator Circuits 


Each of the series regulators is designed around an integrated 
comparator amplifier (regulator). U1 and U2 are LM204 equivalents; 
U3 is a LM305 equivalent. A compound PNP/NPN transistor pair is 
used in each circuit to boost its current handling capability. Potentiom- 
eters R18, R20, and R39 are adjusted to trim the output voltages of the 
—40 Vdc, —10 Vde, and +20 Vdc lines, respectively. Transistors Q11 and 
Q10 control the current limiting action of U2 and U1 in the—10 Vdc and 
—40 Vdc regulator circuits. Current limiting for the +20 Vdc line is 
sensed by a resistive divider formed by R23, R24, R27, and R28. Each 
regulator circuit has a green LED lamp which indicates that voltage is 
present at its output. 


Bi-Directional Crowbar Protection 


A crowbar circuit shunts the output of each of the three linear regula- 
tors found on this assembly. Each crowbar protects the circuitry fed by 
its respective regulator should the regulator fail. When the output of a 
regulation circuit exceeds its nominal output voltage by more than 3 to 
4 volts, or falls more than one volt below ground (one volt above ground 
for the negative supplies), a triac is turned ON, shorting the output to 
ground. This puts the supply in a current-limit mode. 


High Input Voltage Shutdown Circuitry 


The high input voltage detector circuitry protects the regulators 
against excessive input voltage resulting from transients, open circuit 
conditions, or malfunctions in the switching-regulator circuitry. If the 
input line voltage even momentarily exceeds a preset value, the high 
input-voltage shutdown lamp will latch ON and a signal will be sent to 
the inverter-drive circuitry, shutting down the power supply. 


TROUBLESHOOTING 


When a power supply problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the proce- 
dure, below, to isolate the cause of the problem. 


There are two basic types of problems that are covered by this 

procedure: 

1. Ifred LED in the upper left hand corner of the board is lit indicating 
the input voltage from the A7A3 Inverter assembly was too high, 
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and the supply was shut-down, it is most likely a problem with the 
regulator not drawing enough current. 
2. The input voltageis normal, but the output voltage is not regulated. 


Inverter Input Voltage High 
1. Disconnect the line cord from the rear panel of the 8662A. 


CAUTION 


Removing and installing power supply boards with the line 
cord plugged-in can damage these boards because high 
voltage is present whenever the line cord is plugged-in. 


Install the A7A1 linear regulator assembly on its extender board. 
Then plug in the line cord. 


If the red LED in the upper left hand corner lights when the line 
switch is turned on, continue troubleshooting with step 2. Other- 
wise, continue troubleshooting with step 3. 


2. Connect a short jumper between the collector of Q16 and ground. 
This will allow the control board to turn-on. Turn the line switch to 
ON and measure the voltage at the test points in the table below, to 
identify which supply is malfunctioning. 


Linear Regulator Inputs 


Normal 
Voltage 


*The < sign in this case means lower magnitude or more posi- 
tive than. 


When the malfunctioning supply is identified, troubleshoot the 
regulator circuitry to find the cause of the problem. 


Inverter Input Voltage Normal 


3. Turn the line switch to ON. To determine if any of the supplies arein 
current limit measure the voltage across the current sensing resis- 
tors specified in the table below. 


Current Limiting Check 


If any reading is above the maximum value given in the table, that 
supply is current limited so continue troubleshooting with step 4. If 
the readings are normal, there is a problem with the regulator 
circuitry so troubleshoot to find the cause. 
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4. Thesupply could bein current limit because the load is drawing too 
much current or because the overvoltage crowbar has triggered. 
Turn the line switch to STANDBY and monitor the output of the 
supply being tested with an oscilloscope. Set the scope to trigger 
when the supply turns on and watch how high the voltage rises 
when the line switch is turned on. Compare this value to the 
numbers in the table below. 


Crowbar Trigger Voltage 


Crowbar 
Trigger 
Voltage 


If the actual supply voltage exceeded the trigger voltage, the 
regulator is defective so troubleshoot the regulator circuitry to find 
the cause of the problem. Otherwise, the load is drawing too much 
current so look for the problem in one of the other sections of 
the instrument. 
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Figure 8-653. A7A1 Linear Regulator Component Locations 
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PRINCIPLES OF OPERATION 
General 


The Control Board contains the 40 kHz oscillator circuitry, duty-cycle 
control logic, inverter/regulator drivers, malfunction-disable circuitry, 
and auxiliary supply regulators. 


Oscillator Circuitry 


The switching frequency of the supply is established by a free-running 
multivibrator (U2) which generates a 40 kHz asymmetrical waveform 
having a 4:1 duty cycle (20 us to 5 us). The 2.5 MHz clock formed by U1 
provides update clocking for flip-flops U4A and U4B. The 40 kHz 
generator is locked to a sub-multiple of the 2.5 MHz oscillator fre- 
quency by trigger pulses which reach pin 6 via C21. This assures 
synchronous operation of the two oscillators, eliminating spurs at the 
operating frequency of the synthesizer. 


Within the pulse-width modulator (duty-cycle control logic formed by 
U6A and U6B), the 5 us “off” period of the 40 kHz oscillator serves two 
functions. First, it alternates routing of turn-on trigger pulses from the 
turn-on level comparator (formed by Q15 and Q18) to the switching 
transistors. Second, it establishes a5 us “safety band” which disables 
both drive signals, assuring that both switching transistors are never 
turned ON atthe same time. Any time during the 20 us period, a drive 
signal can be started by a turn-on trigger pulse, but it will always be 
terminated at the next 5 us period. The period of the drive signals 
depends on the position of the turn-on trigger pulse in the 20 us frame. 
If it occurs early in the frame, the drive pulse will be wide. If it occurs 
late in the frame, the drive pulses will be narrow. 


Duty Cycle Control Logic 


The duty cycle control logic generates the pulse-width modulated 
signals that ultimately drive A7A3T3 (service sheet 55). This circuitry 
is composed of buffer flip-flops U4A and U4B, driver flip-flops U6A 
and U6B, and associated NAND gate circuitry (U5 and U7). Flip-flops 
U4A and U4B act as switching buffers between the duty cycle gen- 
erator, loop gain amplifier, current foldback limiter, malfunction 
disable gate, and the driver flip-flops. They assure that control signals 
to the driver flip-flops are synchronized to occur at the proper times. 


The pulse-width modulator circuitry is set up in a quad-state logic 
arrangement. U4B disables the + 160 volt driver flip-flops whenever it 
changes state. U4A enables one of the two driver flip-flops whenever it 
changes state, but never allows both flip-flops to turn on at the same 
time. Furthermore, no driver flip-flop is allowed to turn ON twice 
in a row. 
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Fast and Slow Sense Circuits 


Whenever a change in power demand occurs, the fast and slow loops 
effect a change in power delivered to the input of T3 by varying the 
duty cycle of the 20 kHz inverter. The fast sense circuit is a direct duty 
cycle modulated loop which turns the level comparator (Q15 and Q18) 
ON and OFF for fast and slow reactions to load changes; it also helps 
to diminish the 120 Hz component on the +5.2 volt line. 


The slow sense circuit is an analog loop which senses the output of the 
+5.2 volt section. The slow loop provides precise (and relatively slow) 
regulation of the output, while the fast loop handles faster regulation 
demands. (See the two following circuit descriptions.) 


Turn-On Level Comparator (Duty Cycle Trigger) 


The turn-on trigger pulses are generated by the level comparator 
formed by Q15 and Q18. This circuit compares the fast sense line at the 
junction of the first L-C filter on the +5.2 volt line (service sheet 63) with 
the dc reference voltage obtained from the loop gain amplifier (U9). 
The voltage on the +5.2 volt fast sense line has a triangular ripple 
component which slopes positively when a switching transistor is ON 
and negatively when both transistors are OFF. When the sense 
voltage falls slightly below the reference voltage, the comparator 
generates a turn-on trigger pulse. Immediately, one of the switching 
transistors turns ON and the output starts to rise again. If load 
demands increase, the sensed voltage drops more rapidly, the trigger 
pulses are generated earlier, and the switching transistors stay ON for 
longer periods to supply the increased power demand. Conversely, a 
reduced load lengthens the negative slope, causing the turn-on trigger 
pulses to occur later, and the switching transistors conduct for 
shorter periods. 


Constant Voltage Comparator (Loop Gain Amplifier) 


Toimprove regulation of the +5.2 volt supply, losses occurring betwee. 
the fast sense point on the +5.2 volt line and the final de output are 
factored into a level comparison voltage by the loop gain amplifier 
(U9). This circuit compares the +5.2 volt zener reference voltage with 
the +5.2 volt output slow loop sense line (service sheet 55). Any dif- 
ference between the two voltages is amplified, slowly varying the dc 
reference to the turn-on level comparator. 


Current Foldback Limiter 


The current limit comparator (U8) monitors the output current of the 
supply by sensing the voltage drop across R12 (service sheet 61). If the 
load current exceeds a preset limit (due to a short-circuit condition) the 
circuit is energized and acts to reduce the dc reference voltage applied 
to the level comparator. This in turn causes the output voltage to drop 
to a level that holds the supply current at a maximum of 3 amperes. 


Stabilizing Waveform Shaper (Exponentiator) 


The exponentiator (U10) generates a limit-cycle-regulation waveform 
which is applied to the base of Q18 in the level comparator. If the out- 
put of U6A were HI and duty cycle control logic was producing a duty 
cycle of less than 50% at the 40 kHz rate, the system would become 
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unstable and oscillator U2 could be forced to drop to 20 kHz operation 
(resulting in a 10 kHz switching rate). Summation of the output of the 
stabilizing waveform exponentiator shaper with the +5.2 volt slow loop 
sense line at the base of Q18 causes the trip point of the comparator to 
be changed just enough to make sure that comparison is made at 40 
kHz rather than 20 kHz as would otherwise happen. 


Malfunction Disable Gate 


Signals from the overvoltage and overtemperature detector circuits are 
gated by U5B to disable the inverter drive circuitry whenever a shut- 
down condition arises. This results in power being turned off to all 
parts of the system except those powered by the auxiliary supply. 


Auxiliary Supply 

The auxiliary supply circuitry receives 45 Vac from transformer T1 
(service sheet 55) located within the power supply on the rear panel of 
the Signal Generator. The ac is rectified, producing a dc voltage that 
powers the A8A3 Reference Oscillator oven and drives the + 15 volt 
regulators. CR1 through CR4 form a bridge rectifier which produces a 
positive and a negative voltage with reference to ground. The front 
panel line switch has no effect on this circuitry and these voltages 
will be present whenever the Signal Generator is connected to the 
ac power lines. 


When the line switch is in the STANDBY position, Q6 is ON, turning 
Q7 OFF. When Q7 is OFF, Q3, Q4, and Q5 are also OFF, shutting down 
the + 15 volt supplies. When the line switch is turned ON, Q6 turns OFF 
and allows current (flowing through Q8) to turn ON Q7 and thus turn 
ON Q3, Q4, and Q5, which brings up the + 15 volt supplies. If the ac line 
voltage decreases, a point will be reached where Q8 is biased OFF. This 
will turn OFF Q7, which shuts down the + 15 volt supplies. 


TROUBLESHOOTING 


When a power supply problem has been traced through the block 
diagram troubleshooting procedure to this assembly, use the following 
procedure to find the defective component. Problem symptoms can be 
divided into two classes: 

1. No pulses at TP6 and TP7 (shutdown). 

2. +5.2 V supply not regulated (too high or too low). 


Power Supply Linear Regulator 
A7A1 
SERVICE SHEET 


Service Model 8662A 
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No Pulses at TP6 or TP7. 


p Cheek | Normal Condition If Abnormal, 


1. Edge connector A7A2 +15.0 + 1.0 Vde Troubleshoot auxiliary supply. 
pin 9 

2. Edge connector A7A2 —15.0 + 1.0 Vde Troubleshoot auxiliary supply. 
pin 8 


3. U1 pind CMOS logic high Either the overtemperature or 5.2V overvoltage detector 
(+10 Vdc) has triggered. The overvoltage detector is the most 
likely. Remove Q9. If U1 pin 5 is still low, Q19 has 
triggered which means the +5.2 V supply voltage went 
above 6V. This is an indication that the A7A2 Control 
board is not regulating properly. If the overtemperature 
detector has triggered, determine if the detector circuitry 
is faulty or if the heat sink on the A7A3 is really 
overheating. Turning the instrument off for awhile will 
cool everything and the detector shouldn’t trigger when 
the instrument is first turned on. 


As shown in the 
figure below 


4. Waveforms on 
TP2, TP3, TP9 


Troubleshoot the digital circuitry which produces 
these waveforms. 


Base of 04 (3) Pin 5 of T2 Pin 6 of T2 


Maximum Duty Cycle Generator Waveforms 


COMS logic high 
(+10 Vde when 
5.2 V supply = 0) 


Comparator circuitry is defective. Continue trouble- 
shooting in the +5.2 V supply. 


5. U5 Pin 5 


6. Waveforms on U7 
pins 3 and 11 


As shown in the 
figure below 


The problem is in the duty cycle control logic. Inputs 
are correct and outputs defective. 


et 

Pt TT TT TT 
Pr 
SEGRE 
| — 10 us 


Duty Cycle Control Logic Outputs 


7. At this point if there are no pulses on TP6 and TP7, the problem is in the inverter/regulator drivers on 
A7A2 or the switch circuits on A7A3. Remove the line cord and then remove the A7A3 assembly from the 
power supply. Now the waveforms at TP6 and TP7 should be like the waveforms in Figure 2 except 
amplitude should be +15 V. If there are still no waveforms, the drive circuits are defective. If the 
waveforms are there now, the problem is in the switch circuitry on A7A3. So continue troubleshooting with 
service sheet 55. 
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@ 5.2 V Supply Not Regulated 


1. Turn the line switch to STANDBY, remove the top (negative) leads of capacitors C3, 4, 9, 10 in the 
power cord, and remove the A7A3 Inverter center of the board make good ground points). 
assembly from the power supply. Having this jumper connected is the same as 

2. Remove the bottom cover from the 8662A. turning the line switch on. 

Remove the small pc board that connects the 4. Set an adjustable power supply to 5.2 
wiring harness to the power supply motherboard. +0.1 Vde and connect the “+’ terminal to 
This disconnects the power supply from the rest TP1 and the “~” terminal to ground on A7A2. 
' of the instrument. 5. Plug-in the power cord and follow the procedure 


3. Install the A7A2 control board on its extender in the following table. 
board. Connect a jumper from TP8 to ground (the 


| thwck | Normal Condition If Abnormal, 

1. Q17 Emitter >5.4 Vde Current foldback limiter circuit is defective. No current 
should be flowing through the current sensing resistor 
on A7A4 so U8 should produce a positive output. 

2. U9 Pin 3 5.20 + 0.02 Vde If the voltage is between 4.6 and 5.8 Vdc, adjust the 


5.2V supply pot to bring the voltage into spec. If the 
voltage is not close or cannot be adjusted, troubleshoot 
3. Waveformn on TP11 As shown in the 
figure below 


the reference circuit to find the cause of the problem. 


There is a problem with U10 or associated circuitry. 
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Exponentiator Waveform 


4. Set power supply 
connected to TP1 
<5.10 Vde 


U9 pin 6 
U4 pin 5 


>13.0 Vdc 


CMOS logic high 
(+10 Vdc) 


Loop gain amplifier defective. 
Comparator circuitry defective. 


. Set power supply 
connected to TP1 
25.30 Vde 


U9 pin 6 
U4 pin 5 


<0V 


CMOS logic low 
(OV) 


Loop gain amplifier defective. 
Comparator circuitry defective. 


Service Model 8662A 


A7A2 ASSEMBLY 


OUT ADJ. 


+5.2V % 
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DISASSEMBLY PROCEDURES 


General 


This section provides the disassembly and removal procedures 
necessary for troubleshooting and parts replacement for the 
signal generator. 


Removal Of Top And Bottom Covers 
1. Remove the four feet at the back of the instrument. 


2. Toremove the top cover, remove the screw on the back panel that is 
located midway between the top two feet (near the top edge of the 
instrument). 


3. Slide the top cover straight off, towards the rear. 


4. Remove the two RFI gaskets from the channels in which the side 
edges of the top cover rests (when in place). 


5. To remove the bottom cover, turn the instrument over so that the top 
side of the instrument is facing down. Remove the screw on the back 
panel that is located midway between the two bottom feet (near the 
bottom edge of the instrument). 


6. Slide the bottom cover straight off, towards the rear. 


7. Remove the two RFI gaskets from the channels in which the side 
edges of the bottom cover rests (when in place). 


Extension (And Lowering) Of The Front Panel 


1. Remove the plastic trim strips at the top and bottom front edges of 
the instrument; place screwdriver tip into the slots near the end of 
the trip strip and lift up. 


2. Remove the four screws (two on the top edge and two on the bottom 
edge) from the channels previously covered by the trim strips. 


3. Pull the front panel outwards (towards the front) and down. The 
following is a list of methods you can use to pull the front panel out. 


CAUTION 


Don’t attempt to pry the front panel outwards, from the 
front, by placing a screwdriver in the gap which runs 
around the perimeter of the front panel. That is, don’t place a 
screwdriver between the front panel and the chassis frame 
and try prying the front panel out. This may fracture or 
otherwise cosmetically damage the front panel. 


a) Hold the sides of the main front panel keyboard and pull, firmly, 
straight out. 


b) Ifyou need a better grip, try pulling the RF connector. 


c) Ifyou can’t pull out the front panel using either one of the two 
methods described above, you can push on the guide mechanism 
(attached to the front panel, inside the instrument) and force the 
front panel outwards. 


Disassembly Procedure For The Rear Panel 


It should be pointed out that the rear panel disassembled view drawing 
(figure 8-659) used in conjunction with the following disassembly 
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procedures is only for referencing various parts and assemblies dis- 
cussed in those procedures. It is not meant to serve as a comprehensive 
component locator. Section #6 contains a copy of this drawing, which 
has been marked up so that it can be used to determine the relative 
locations and reference designators of various parts and assemblies. 


Removal Of Reference Oscillators (19, 20 & 22) And 
Reference Assembly Casting (21) 


The Reference Assembly casting (21) contains the 10 MHz Reference 
Oscillator (20), the Output Sum Loop VCO (19), and the Reference Sum 
Loop VCO (22). Any one or all of these three oscillator blocks can be 
removed from the casting. The Reference casting itself can also be 
removed, if necessary. In order to remove anything associated with the 
Reference Assembly, use the following procedures. 


Removal of Reference Oscillator (20). The 10 MHz Reference Oscillator 
and the pc board lying immediately to the right of it (which contains 
the three pushbuttons and two BNC jacks) can be unplugged and 
removed from the Reference Assembly casting once the Reference 
Oscillator cover (3) and metal RFI gasket is removed. To take off the 
cover, unscrew the six screws which hold it in place. (4) is one of these 
six screws. 


Removal of RS and OS Loop VCOs (19 and 22). There are four screws 
holding the RS and OS Loop VCO cover in place. (2) is one of these four 
screws. 


1. Remove the RS and OS Loop VCO cover (1) and metal RFI gasket. 
2. Remove all plugs and cables connected to the VCOs. 


3. Both VCOs are fastened to a bracket which is held in place within 
the Reference casting by three screws near the inside back of the 
casting. These screws are visible and accessible from the rear of the 
instrument (but are not shown in the drawing) and can be removed 
with a medium sized phillips screwdriver. One of the three screws in 
the gap between the top of the OS Loop VCO and the Reference 
casting; the other two screws are located in the gap between the RS 
and OS Loop VCOs. 


4. Once the three bracket screws have been removed you can pull the 
RS and OS Loop VCOs free of the instrument. 


Removal of Reference Casting (21). In order to get at the feedthru capaci- 
tors (24) which are located in the left-hand side of the Reference 
Assembly, the entire Reference Assembly casting must be removed. 


1. Remove the top and bottom covers of the instrument. 


2. The only way the casting can be removed from the instrument is to 
slide it out of the right-hand side of the instrument (looking from the 
front). In order to do this, the right side strap and paneling must first 
beremoved. To remove the side strap, take out the two screws (one at 
each end of the strap) which hold the strap in place. 


3. Rest the instrument on its left side. Remove the screws which hold 
the right side rails to the front and back panels (as well as the inter- 
nal assemblies) of the instrument. Between the two rails, about 30 
screws in all must be removed. Once these screws are out, the side 
rails should come right off. 
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4. Take out the three screws (15, 23 and 25) and unscrew the cable 
clamps which hold down the wires leading from the mainframe of 
the instrument to the OS and RS Loop VCOs (which run over the top 
of the Reference Assembly casting (21). Once these clamps have 
been removed, slide the casting sideways (to the right, looking 
from the front) and pull it out of the instrument. Pulling this 
assembly out will not be easy. It rubs against several different parts 
and must be pulled out slowly. 


NOTE 


During re-assembly of the Reference Assembly casting, 
several things must be noted. First, when replacing the RS 
and OS Loop VCOs (19 and 22), you may have trouble 
replacing the three screws which hold these two VCOs to 
the bracket near the back of the Reference Assembly 
casting. They can be very difficult to replace unless a 
magnetic screwdriver is used or unless the screws are in 
some other manner temporarily fastened to the end of the 
screwdriver (try tape or some type of plastic tubing to hold 
the screw to the tip of the screwdriver). 


When replacing the 10 MHz Reference Oscillator cover (3) and RS 
and OS Loop cover (1), the metal RF gasket must be laid in place 
first. Keeping these gaskets aligned with the Reference casting 
holes while putting the covers in place is difficult. Re-inserting the 
screws is even more difficult. Don’t use tape or glue to hold the 
gasket to the cover while fastening the cover in place. The RFI 
gaskets are designed to prevent leakage of RF. If tape or glue is 
applied to them, then they become less effective at preventing the 
leakage of RF. Standing the instrument on end with the front panel 
facing downward (you will have to set up some sort of arrangement 
so that the front panel is not actually resting on the table top) will 
enable you to lay the gasket in place. Once the gasket is lying flat, 
the back cover can then be put in place. Getting the first screw in 
place to hold the cover down is difficult. Take your time. Move the 
cover and the gasket around until the holes line up and the screw 
falls into place. Do the same thing with the second screw. It should 
be easier to get in. The other remaining screws should fall into place 
with less effort. 


Removal Of Fan (16) 
1. Remove the fan cover (6). 
2. Remove the fan. 


3. Disconnect the ground wire at the chassis (26); disconnect the 
power line cord. 

4. When re-installing the fan, be sure that the metal and rubber 
washers are placed on the studs before the nuts (5) are screwed on 
and tightened down. Don’t over-tighten the nuts. The rubber 
washers act as shock mounts for the fan. If the nuts are over- 
tightened, they become ineffective. 


Removal Of HP-IB Interconnect Assembly (29) 
1. Remove the fan cover (6). 
2. Remove the bottom cover of the instrument. 
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3. 


Remove the plugs connected to the underneath side of the HP-IB 
Interconnect board (29). 


. Remove the two screws holding the HP-IB Interconnect assembly 


in place. You will find one screw at either end of the HP-IB jack, just 
below the hex nuts. (30) is one of these screws. Once these screws 
have been removed, the HP-IB Interconnect assembly can be pulled 
straight out from the back of the instrument. 


Removal Of Power Supply Assembly (50) 


1. 
2. 


3. 


Remove the top and bottom covers of the instrument. 

Remove the line filter and auxiliary transformer cover (8) at the rear 
panel of the instrument. 

Remove the standoffs into which (9) and (10) were screwed. (17) is 
one of these standoffs. 


. Remove screws (48) and (49) at the right of the line filter assembly 


(looking from the rear). 


. Looking from the top of the instrument, remove screws (44) and (45). 


These screws hold the power supply module to the ‘tongue’ (which is 
fastened to the middle of the back panel of the instrument). 


. Remove the carrying strap and side panel from the left-hand side 


(looking from the front) of the instrument. To remove the strap, you 
must take out two screws (one at either end of the strap) which hold 
the strap in place. 


. Remove the last two screws holding the power supply module in 


place. The first screw is found in the top rail, five holes from the rear 
of the instrument. The second screw is in the bottom side rail, five 
holes from the rear of the instrument. 


. Before the power supply can be removed, the main harness near the 


bottom of the module must be unplugged. Once this harness is 
unplugged, the power supply module can be removed. 


. Remove the power supply module by pulling it straight down 


through the bottom of the instrument. It should be noted, before you 
begin pulling on the assembly, that the power supply is still 
connected to the instrument at the plastic connector (46). Rock the 
module back and forth as you pull it out of the instrument. This 
will make removal much easier. 


NOTE 


The plastic connectors must fit together properly when 
the power supply module is put back into the instrument. 
Don’t push the assembly back in hard until you are sure 
that the connector halves are properly matched. 


Removal Of Line Filter Assembly (13) And 
Line Filter Capacitors (18) 


1. 


Remove the line filter and auxiliary transformer cover (8) by un- 
screwing (9) and (10) and loosening (11) and (12). The silver can (13) 
underneath the cover is the line filter assembly; the pc board (18) 
underneath it contains additional filter capacitors. 


. The line filter assembly is fastened to the instrument and pc board 


beneath it by two nuts, one at the top end of the line filter and one at 
the bottom end. (31) is one of these nuts. Remove these nuts with a 
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nut driver. The line filter can is electrically con- 
nected to the pc board by four wires, two of which 
are soldered to the upper end of the pc board, and 
two of which are soldered to the bottom. To 
replace the line filter assembly (can) or get at the 
pce board to replace the capacitors on it, these four 
wires must be unsoldered. 


3. In order to unsolder the four wires which run from 
the line filter to the pc board, itis necessary to lift 
the line filter and pc board (as a unit) high enough 
so that you can get a soldering iron underneath 
the pe board. This can be made easier by un- 
fastening the BNC connector panel. See 
“Removal Of BNC Connector Panel”. When 
lifting the assembly, care must be taken not to 
pull or lift too hard. 


NOTE 


When re-installing a new line filter block, 
the two brown wires and two blue wires 
which get soldered to the pc board should 
be cut to about 2" in length before being 
soldered to the pc board, the pe board 
must be pulled high enough to get the 
soldering iron underneath it. Once the 
wires are reconnected, the pc board and 
line filter can be bolted down. 


Removal Of Auxiliary Transformer (31) 
1. Remove the top cover of the instrument. 


2. Remove the line filter and auxiliary transformer 
cover (8). 


3. Remove the cover panel (42) by taking out screws 
(41) and (43). This exposes the wires at the back 
side of the transformer. Before changing the 
transformer, wires from the old transformer must 
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be unsoldered. It is a good idea to write down 
where each wire is connected, as they are 
unsoldered, for later reference. 


. Remove the auxiliary transformer (31) by 


unscrewing the four screws holding it in place. 
(32) is one of these screws. 


Removal Of BNC Connector Panel (40) 


1. 


Remove the line filter and auxiliary transformer 
cover (8). 


. Unscrew (87), (38), and (39). This provides full 


access to the back side of the assembly, enabling 
the connectors to be replaced. 


Removal Of Power Cord Panel (34) 


1. 


Remove the line filter and auxiliary transformer 
cover (8). 


. Unscrew (83), (35), and (36). This provides full 


access to the back side of the assembly, enabling 
replacement of parts. 


NOTE 


Both the line power jack and voltage 
selection switch are riveted in place on 
this panel. Should they require replace- 
ment, they can be drilled out and replaced 
with new parts. These new parts can be 
either re-riveted or bolted in place, which- 
ever is easiest. 


Removal Of RF (Opt. 001) Connector (27) 


1. 
2. 


Remove the fan cover. 


Unscrew the nut from the rear end of the RF 
connector and pull it out (to the rear) of the 
instrument. 
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@ WARNING 


Do not remove cover unless absolutely necessary. Failure to observe this warning may result in personal injury. 
Plus and minus 160 Vdc is present whenever the power cable is plugged in. This high voltage exists on the red 
heat sink, on other portions of the inverter board, and on the mother board. Be extremely careful when 
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Accessories returned with unit 
DONONE Ocasce(s) 


Olpower caBLe CIADAPTER(S) 
OTHER 


over 


HEWLETT 
PACKARD 


@ 


Should one of your HP instruments need 
repair, the HP service organization is 
ready to serve you. However, you can 
help us serve you more effectively. When 
sending an instrument to HP for repair, 
please fill out this card and attach. it to 
the product. Increased repair, efficiency 
and reduced turn-around time should 
result. 


COMPANY 


ADDRESS 


TECHNICAL CONTACT PERSON 


PHONE NO. . EXT. 
MODEL NO. SERIAL NO. 
MODEL NO SERIAL NO. 
P.O. NO. DATE 


Accessories returned with unit 
ONONE OcasBte(s) 


Olpower caste DCAparPtTer(s) 
OTHER 


over 


Ee ee OS Se SE £ ie ee eee Eee ae eee ae 


Service needed 


CICALIBRATION ONLY _ 


OReEPAIR OO REPAIR & CAL 


OTHER 


Observed symtoms/problems 


FAILURE MODE IS: 


LD coNsTANT OO INTERMITTENT 


SENSITIVE TO: 


Ocotp Oneat O viBRation 


FAI LURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


CI CALIBRATION ONLY 
OREPAIR OO REPAIR & CAL 


Observed symtoms/problems 


FAILURE MODE IS: 


CO coNsSTANT OD iNTERMITTENT 


SENSITIVE TO: 


Ocotp Oneat O visrRation 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS. 


If unit is part of system list model 


number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


OO CALIBRATION ONLY 


OREPAIR DO REPAIR & CAL 


OTHER 


Observed symtoms/problems 


FAILURE MODE IS: 


OO constant OD INTERMITTENT 


SENSITIVE TO: 


Ocotp Oneat O visrRation 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


DCO CALIBRATION ONLY 
OOREPAIR 0 REPAIR & CAL 


Observed symtoms/probiems 


FAILURE MODE IS: 


OO constant 0 INTERMITTENT 


SENSITIVE TO: 


Ocoto Oneat O visrRation 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


DC CALIBRATION ONLY 
OOREPAIR 


Service needed 


OF REPAIR & CAL 


Observed symtoms/problems 


FAILURE MODE IS: 


1 CONSTANT O INTERMITTENT 


SENSITIVE TO: 


Ocotpo Oneat O viBRATION 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


Service needed 


DO CALIBRATION ONLY 


OREPAIR O) REPAIR & CAL 


OTHER 


Observed symtoms/problems 


FAILURE MODE IS: 
CO coNsTANT O iNTERMITTENT 


SENSITIVE TO: 


FAILURE SYMPTOMS/SPECIAL 
CONTROL SETTINGS 


If unit is part of system list model 
number(s) of other interconnected in- 
struments. 


9320-3896 Printed in U.S.A. 


